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Foreword 


This book is a compendium of chapters that updates the reader on specific issues 
in imaging and intervention of the lower genitourinary tract. Most texts in uro- 
radiology span the breadth of the field and by necessity cover many subjects super- 
ficially. Drs. Jafri, Diokno, and Amendola have, in this book, taken a different tack 
and illuminate each topic with sufficient detail to allow deeper appreciation of 
each subject. The editors have authored or co-authored a large number of chapters 
in the book which enriches the text and have solicited the assistance of over 50 rec- 
ognized experts for other chapters. 

The book begins with a review of the basic physical principles of diagnostic imag- 
ing, emphasizing their importance in the clinical realm. After a comprehensive re- 
view of genitourinary embryology, the focus changes to the bladder and discussion 
of benign bladder disease, neurogenic bladder, bladder cancer staging, and the use 
of CT in bladder trauma. Next is a detailed description of prostate imaging fol- 
lowed by sections on the undescended testes and diseases of the scrotum. The book 
then provides an excellent treatment of several subjects that usually get little atten- 
tion: anomalies of the urethra, urethral disease, urethral physiology, penile pros- 
theses, and impotence. The next chapters are dedicated to the female genitouri- 
nary tract and female infertility. The final sections cover interventional procedures 
including prostatic cryotherapy, laser surgery, fallopian tube recanalization, and 
penile angiography. | 

Rather than employ just a few authors to cover all these subjects the editors have 
made this a multiauthored text. They have enlisted the “best of breed” to write the 
sections, the very people one really wants to read on a particular subject. The topics 
covered here have not been overdone in other texts: in many cases they fill surpris- 
ing gaps, providing the reader with a fresh perspective. Thus, this text is an impor- 
tant new contribution to the field, and should remain a valuable reference for 
many years. 


Peter L. Choyke, M.D. 
National Institutes of Health 
Bethesda, MD 


Preface 


The origin of this book can be traced back to the 1980s when all three editors 
worked together at the University of Michigan in Ann Arbor during the early years 
of their careers. Those were the times when Dr. Jack Lapides, one of the true giants 
of modern urology, was the Chairman of the Section of Urology and Dr. John 
Thornbury, one of the outstanding leaders in uroradiology, was Professor of Radiol- 
ogy and Chief of the Section of Uroradiology, University of Michigan. Indeed, this 
book is a clear example of the harmonious collaboration of radiologists and urolo- 
gists fostered by Dr. Lapides and Dr. John Thornbury in order to further knowledge 
and patient care. We very well know that the passing of time makes recent advances 
obsolete in a very short while. In order to keep pace with recent developments, a 
need was felt to compile a comprehensive and integrated text of several modalities 
of imaging and intervention of the lower genitourinary tract written by a large and 
distinguished international group of authors. We have attempted to produce a book 
that embodies enough information so that, without being encyclopedic, it will be 
able to answer many clinical questions in a more than succinct fashion. 

In this cost-contained management environment, a team approach with consulta- 
tion between the urologist and radiologist results in the least invasive and most ap- 
propriate imaging studies. To best achieve this goal, it was decided to compile a 
book that is authored by both radiologists and urologists. Although the thrust of 
this endeavor is to present the role of imaging in the diagnosis and treatment of 
diseases involving the lower genitourinary tract, we decided that it would be also of 
great interest to our readers to devote several chapters to presenting the clinical 
background regarding some diseases such as bladder and prostate cancer. We hope 
that this book will be of interest to all health care providers with special interest in 
the pathology, diagnosis, and therapy of diseases of the lower genitourinary tract, 
but specifically to radiologists, urologists, residents, fellows, and medical students. 


Syed Zafar H. Jafri 
Ananias C. Diokno 
Marco A. Amendola 
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Basic Physics 


Lance V. Hefnerand Anil Shetty 


Radiation is defined as “emission and propagation of 
waves or particles.” These waves and particles can be of 
any type. Waves in water radiate away from a stone tossed 
into a pond. Shrapnel from an explosion radiates from 
an exploding bomb. Electromagnetic radiation is made 
up of small packets of energy (photons) that radiate 
away from their source. Sources of electromagnetic radi- 
ation include the sun, light bulbs, cellular phones, and 
x-ray machines. Photons are distinguished on the basis 
of their energy. Two photons of the same energy are in 
every way identical. If photons have different energies 
they have different characteristics. The warmth from a 
fire is transmitted by infrared photons. We have vision 
because visible light photons interact with the retinas of 
our eyes. When the energy of the photon increases, the 
visible light photons become ultraviolet photons, which 
produce suntans and sunburns; as the energy continues 
to increase, we eventually have x-rays. We do not sense 
x-rays directly, but we can indirectly see the x-ray pho- 
tons by using x-ray film or electronic devices. Infrared 
and light photons do not pass through the body and are 
of little use in evaluating the interior of the body; x-rays 
pass through human tissue much more readily than 
other types of radiation and allow us to see “inside” the 


body. 


Physics of Radiation 


Production of X-rays 


Wilhelm Roentgen is credited with the discovery of x- 
rays in 1895. Although they were observed by other 
physicists up to 20 years before this report, Roentgen was 
the first to understand their significance. He used a par- 
tially evacuated glass tube, a precursor of the fluorescent 
light, called a Crookes tube. He turned out the lights 
and covered the tube to block the light. He then discov- 
ered that some fluorescent material in the room was 
glowing, and it glowed more brightly when it was 


brought close to the covered tube. He theorized that 
there must be some unknown radiation causing the ma- 
terial to glow, and it must be coming from the tube. He 
called this unknown radiation “x-rays.” During the next 
several weeks Roentgen discovered virtually all the char- 
acteristics of this previously unknown radiation. 

The x-rays were produced by electrons being acceler- 
ated by an electrical potential and striking a metal plate. 
Most of the x-rays are formed in the following fashion: 
When electrons strike the plate they are suddenly 
slowed, and during this sudden slowdown the kinetic en- 
ergy (energy of motion) is converted into a photon. If 
the electron glances off the atom and slows only slightly, 
an infrared (heat) photon is produced. If the electron 
slows more, light is produced. If the electron loses 
enough energy, an x-ray is formed, as seen in Figure 1.1. 
This process of x-ray production is called bremmstrahlung, 
the German word for ‘braking radiation.’ This process is- 
inefficient, with only about 1% of the total electron ki- 
netic energy being converted to x-rays; the rest goes into 
heat and light. 

When x-rays are produced they can be controlled in 
three ways. First, we can adjust the rate at which elec- 
trons strike the metal plate (anode) in the x-ray tube by 
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FIGURE 1.1. As the negatively charged electron passes near the 
positive nucleus it is drawn toward the nucleus, causing the 
electron to lose energy. The lost energy reappears as a photon. 
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changing the milliamperage (tube current). Second, we 
can let the electrons strike the anode for more or less 
time, thereby changing the total number of x-rays cre- 
ated. Third, we can change the electrical potential that 
accelerates the electrons before they strike the anode. 
The larger the voltage used, the faster the electrons 
move when they hit the anode. If they are moving 
rapidly, there is more energy available to produce higher 
energy x-rays. More x-rays are produced at high voltage, 
and they are better able to pass through the body. 


X-ray Interactions 


X-rays interact with tissue in several ways. Three interac- 
tions occur during diagnostic imaging.! 


1. Classic scattering: At low energies x-rays can bounce off 
atoms with no change in energy but a change in direc- 
tion. This type of interaction, also called unmodified 
or coherent scattering, is of little importance in diag- 
nostic procedures, but it does contribute slightly to ra- 
diation exposure of personnel during fluoroscopy. 

2. Compton effect: The x-rays may interact with electrons, 
which are loosely bound to the atom in its outer or- 
bital shells. The x-ray may strike an electron and 
knock it free. A secondary x-ray scatters off the atom, 
and the freed electron leaves with some of the initial 
energy of the original x-ray photon. This action is a 
significant problem in diagnostic imaging. These scat- 
tered (Compton) x-rays are the major source of expo- 
sure to personnel during fluoroscopy and also pro- 
duce fog on the x-ray image, reducing its contrast. 

= 3. Photoelectric effect: The x-rays may strike the inner shell 
electrons, which are strongly bound to the atom. The 
x-ray disappears, and all of its energy is taken up by 
the electron. The electron is then ejected from the 
atom. This interaction is desirable in diagnostic radi- 
ology as it provides the contrast required to reveal the 
patient’s anatomy and produces no scatter x-radia- 
tion. 


X-ray Image Formation 
Film Images 


An image is created on film by a chemical reaction be- 
tween the emulsion (a chemical paste on the surface of 
film) and the chemicals in the film processor. When 
light hits the emulsion it changes the chemical composi- 
tion slightly and creates a latent image. The area on the 
film emulsion that has undergone this change reacts 
with the processor chemicals much faster than the nor- 
mal emulsion. The length of time the film is in the 
processor is not sufficient to cause the normal emulsion 
to “develop,” but it is enough time to “develop” the la- 
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tent image. The developed areas on the film appear 
black and represent those areas of the patient that are 
relatively transparent to x-rays (e.g., the lungs). 


Video Images 


The video image is created when the distribution of x- 
rays coming out of the patient interact with a video de- 
tector. In a fluoroscopic unit an image intensifier is ex- 
posed to these x-rays and creates an amplified image 
composed of light photons. These light photons are 
picked up by a video camera and create the video image 
we see on a fluoroscopic monitor. In a computed tomog- 
raphy (CT) scanner the x-rays are picked up by special x- 
ray detectors, and the information is sent to a computer, 
which uses them to mathematically recreate a patient’s 
image. 


Fluoroscopy 


Image Intensifier 


The intensity of x-rays exiting the patients is insufficient 
to be directly imaged by a video camera. The image in- 
tensifier is an amplifier that converts this relatively small 
number of x-rays to the large number of light photons 
necessary for video imaging. The entrance of the image 
intensifier converts the high energy incoming x-rays to 
numerous low energy electrons, which are accelerated 
through the intensifier towards the image intensifier 
output phosphor. When the electrons hit the output 
phosphor, the energy of motion is converted to visible 
light. The light is focused through a lens system into the 
video camera (Fig. 1.2). Surrounding the exterior of the 
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FIGURE 1.2. Image intensifier converts the low intensity x-ray 
signal to a bright visible light image. 


1. Basic Physics 


image intensifier are focusing coils, which keep the dis- 
tribution of electrons matched to the distribution of in- 
coming x-rays. If these coils are not present or are not 
properly adjusted, severe image distortion can occur.? 


Magnification Mode 


Normally, the whole diameter of the input is visualized 
on the output phosphor. When the magnification mode 
is selected, a smaller portion of the entrance image is 
spread across the output, causing the image to appear 
larger, although less anatomy is visible (Fig. 1.3). The 
magnification mode influences the radiation exposure. 
The automatic brightness control requires a certain 
brightness, which is necessary for optimal visualization 
of anatomy. If we switch to magnification, a smaller por- 
tion of the input is used, so the x-ray intensity in that 
small area must be increased until the brightness levels 
match those formerly available. It results in a small area 
of the body being subjected to a large amount of radia- 
tion. The change in radiation dose is proportional to the 
change in area visualized. Because area is proportional 
to the square of the diameter of the visualized circle, 
changing from a 9-inch mode to a 6-inch mode results in 
a 225% increase in dose to the visualized area of the pa- 
tient. This fact is ameliorated to some extent by the fact 
that the amount of tissue exposed undergoes a compen- 
sating reduction. 


Automatic Brightness Control 


During fluoroscopy it is normal to move the equipment 
over various areas of the patient. Because the patient is 
not a uniform block, the amount of radiation passing 
through the patient varies. For example, more radiation 
passes through the lungs, which are mainly air, than the 
abdomen. This changing amount of radiation results in 
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FIGURE 1.3. Magnification mode works by 
selecting different size inputs to send to the 
video camera. 


the brightness on the display changing dramatically as 
different areas are imaged. To compensate for this chang- 
ing brightness, an automatic compensation method was 
developed. A photodetector monitors the light from the 
output phosphor, and if it drops the generator is in- 
structed to increase the x-ray output (the kilovolt peak 
and milliamperage) to increase the brightness. Similarly, 
if the brightness increases beyond an optimal point the 
generator is automatically instructed to decrease the out- 
put to bring the brightness back into line, which means 
that the radiation exposure level is higher with thick body 
areas than thin areas. The radiation exposure to a patient 
is also related to patient size: A thin patient receives less 
radiation exposure than a heavy patient. 


Radiation Dose Rates 


The radiation dose is influenced by the amplification 
power of the image. An average exposure rate for a 
medium-size adult is about 2 roentgens per minute. The 
amplification (gain) of an image intensifier may de- 
crease by 10% per year. It is possible for the gain to drop 
significantly during the first few years after purchase. 
This decrease may lead to a significant increase in pa- 
tient dose. Such a change is generally not visible to the 
user, as the automatic brightness control changes the x- 
ray output to maintain a good image. Fluoroscopic units 
should be checked periodically by a physicist or service- 
man to determine if the exposure rates have become un- 
acceptably high. 


Physics of Computed Tomography 


Digital Images 


What we see through our eyes is an analog image of the 
world. Although the human eye has its own limitations, it 


is capable of perceiving high resolution information with 
good distinction between differences in brightness and 
color. A digital image is an attempt to reproduce this 
type of image. If a digital image is properly created, it is 
indistinguishable from an analog image. In some cases 
the quality of a digital image can exceed that of an ana- 
log image. A poorly generated digital image clearly 
shows a characteristic checkerboard appearance. 


Pixels 


A digital picture is made up of numerous small pieces. 
These small pieces are called picture elements, or pixels. 
The pixels are arranged in a matrix of rows and columns 
similar to a checkerboard. The pixels of a CT image have 
a third dimension that is not visible. When the patient is 
scanned during CT the technologist selects a slice thick- 
ness. This slice thickness is the depth dimension. The 
term voxel, or volume element, is a way of stating that 
the two-dimensional pixel is a representation of a three- 
dimensional block of tissue with height, width, and 
depth, as seen in Figure 1.4. 


Principles of Operation 


Current scanners benefit from the technologic ad- 
vances made since the invention of CT.3 Modern CT 
uses a fan-shaped x-ray beam and an array of detectors. 
The x-ray tube and detector array rotate around the pa- 
tient in synchrony, as seen in Figure 1.5. Slice times of 1 
second are not unusual. This technique allows imaging 
of the lungs, which would have been blurred in the early 
scanners owing to patient motion during the long acqui- 
sition time. 


FIGURE 1.4, CT image shows a two-dimensional image, but each 
picture element (pixel) represents a three-dimensional block 
of tissue. 
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FIGURE 1.5. Modern CT scanners use a fan beam of x-rays 
(x-ray beams) and an array of detectors to collect data as they 
rotate around the patient. 


CT Numbers 


Computed tomography is capable of detecting small dif- 
ferences in tissue. There are 4096 levels of detectable 
change in human tissue. A display device or the human 
eye is not able to appreciate the subtle changes visible on 
a CT image unless the information is enhanced. We 
make use of the “window” and “level” controls to en- 
hance the information of interest, making it easily visible. 

Computed tomography measures 4096 levels of bright- 
ness. It is impossible to display all this information at the 
same time in a meaningful way. The CT window control 
displays a selected number of gray levels that enable us 
to perceive the information in a more useful fashion. 
The window control squeezes the 4096 levels to a smaller 
number that we may appreciate (Fig. 1.6, left). This con- 
trol is adjustable so the 4096 shades of gray may be 
squeezed slightly or all the way to two shades, black and 
white. Once the window control has squeezed the shades 
of gray to a manageable number, it is important to place 
that visible window of gray shades over the range of in- 
formation that interests us (Fig. 1.6, right). 


Level of Brightness 


The biologic corollary of the level control is the eye. As 
we go in and out of a dark room we experience a huge 
change in brightness levels. The eye cannot perceive in- 
formation in a dark area and full sunlight, simultane- 
ously. When we leave sunlight for a dark room, it takes a 
few minutes for the eye to adapt to the new conditions. 
This mechanism is essentially what the CT level control 
is doing. The eye has a certain “window” of brightness 
levels it can perceive. If there are too many levels of 
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brightness for our eye to perceive, the eye adapts to 
show us the gray scale present. The eye does it for us au- 
tomatically; the CT unit requires someone to tell it the 
range of gray values to display. For example, if one is in- 
terested in bone information, the window would be 
moved over the range of CT numbers that contains that 
information. This positioning would cause the informa- 
tion about bone that would normally be obscured to be 
highlighted and easily visible. Often the same image has 
more than one important range of values. In that case, 
we may need to see the same image displayed twice, 
once with a “bone” window and again with a “lung” 
window. 


Spatial Resolution 


The spatial resolution of a CT scanner will probably 
never approach the resolution of film. The x-ray film/ 
screen systems are capable of resolving objects 0.03 mm 
apart (15 line pair per mm). The resolution of the CT 
image is approximately 10 times poorer than that of radi- 
ographic film. The limit on resolution for CT comes 
from the matrix size being evaluated and the area being 
studied. For example, a typical CT matrix has 512 rows 
and 512 columns. If the area being studied is 10 inches 
(25 cm) across, the CT divides the 25 cm into 512 pieces. 
Hence the maximum resolution is 0.5 mm, or one line 
pair per millimeter. (In comparison, the pixel size of 
film is the size of the silver grain in the film, which may 
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FIGURE 1.6. (Left) Total available shades of gray (4096) from a 
CT scan are compressed to a displayable 256 shades of gray. 
The amount of gray-scale compression is user-selectable. 
(Right) Lower compression (2564 to 256) has been chosen. 
This range of compressed values may also be shifted up or 
down the range of values to highlight particular anatomy. 


be 0.001 mm in size.) The CT resolution limit changes 
with changing matrix size and with different areas under 


study. 


Contrast Resolution 


The true strength of the CT scanner is not its spatial res- 
olution but its contrast resolution. The ability to differ- 
entiate between adjacent tissues that are similar in 
makeup is called contrast resolution. X-ray film can dif- 
ferentiate between tissues that are about 10% different 
in their x-ray attenuation coefficients, whereas the CT 
scanner can distinguish tissues that differ by less than 
1%. Hence CT allows us to visualize small changes in tis- 
sue that would not be visible on an x-ray film. 


Physics of Ultrasonography 


Sound is a mechanical vibration that results from atoms 
and molecules colliding with each other.4 The character- 
istics of sound may be determined by considering what 
influences the way particles collide. The velocity of 
sound is determined by how fast particles can move to 
adjacent particles and how far they move. If the particles 
have little mass (they are light), they move faster; hence 
sound travels faster in less dense materials and slower in 
dense materials composed of massive (heavy) particles. 
Speed is also influenced by the distance between parti- 
cles. If the particles do not have to travel far, the colli- 
sions occur more frequently and sound moves faster. 
Hence sound moves slower in air, with large separations 
between air molecules, than in fluids; and it moves 
slower in fluids than in solids. 


Transmit/Receive (Pulse/Echo) 


We know that sound has a speed, and it takes some time 
for it to cover a distance. The time it takes for sound to 
travel from one point to the next is directly related to the 
distance between the points, as shown in Figure 1.7. If we 
make a sound and then measure how long it takes for an 
echo to return from a reflector, we can calculate how far 
the reflector is from us—This determination which is 
what the electronics of the ultrasound machine does. It 
repeatedly makes pulses of sound and then measures 
how long it takes for echoes to return from within the 
patient. It then creates a map of how deep these reflec- 
tors are within the body and shows us this map as a pic- 
ture of the patient. 


Piezoelectric Effect 


It is a property of some materials to produce an electrical 
charge when they are squeezed and to swell or constrict 


FIGURE 1.7. Sound may be used to locate a reflector, or 
anatomy, by dividing the time required for the sound pulse to 
return by the speed of sound. 


when an electrical charge is applied. This effect is called 
piezoelectricity. A computer sends electrical pulses to 
the ultrasound crystals to produce a sound pulse. After 
creating a sound pulse, the crystal enters a listening 
mode. In this mode, the crystals produce a small electri- 
cal signal when any sound wave is reflected back onto 
their surface. These small electrical signals are recorded 
by a microprocessor and used to create an ultrasound 
image. 


Acoustic Intensity 


The intensity of the sound is measured in milliwatts per 
Square centimeter. The American Institute of Ultra- 
sound in Medicine has established a limit of 100 
mW/cm2? as the safe limit for ultrasound. Higher intensi- 
ties would make it easier to see weak reflectors, but they 
have the potential to damage tissue. 


Reflection 


Ultrasound imaging relies on the principle of reflection. 
Strong reflectors are more easily seen than weak reflec- 
tors. The difference comes from the physical characteris- 
tics of the object. Because sound occurs at the molecular 
level, if a small molecule hits a large molecule it bounces 
off (reflection). However, if a molecule hits another mol- 
ecule of about the same size, it may act like a pool ball 
and transfer all its energy to the new molecule. This 
would be poor reflection and good transmission. Hence 
reflection properties depend on the “match” between 
molecules. 


Resolution 


Axial resolution is the resolution along the depth axis, 
that is, the ability to distinguish between reflectors above 
or below each other. The ultrasound wave that comes 
from the transducer has a certain thickness, as it is com- 
posed of several vibrations of the crystal face. This thick- 
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FIGURE 1.8. Ability to separate reflectors depends on the dis- 
tance between the reflectors and the duration of the sound 
pulse. Long-duration pulses can distinguish only reflectors that 
are far apart. The echoes from closely spaced reflectors blend 
together to give the appearance on a single large reflector. 


ness determines the ultimate axial, or depth, resolution 
(Fig. 1.8). Lateral resolution is the ability to distinguish 
reflectors that are adjacent to each other. The ultra- 
sound wave coming from the transducer, in addition to 
having “thickness,” has “width.” In other words, the ul- 
trasound comes out from the crystal with a beam pat- 
tern. Figure 1.9 shows a typical “focused” beam pattern: 
The beam is wide near the transducer face, narrows in 
the focal region, and then widens as it travels farther 
from the transducer. The shape of this pattern is con- 
trolled by the design of the transducer and the elec- 


FIGURE 1.9. Sound coming from an ultrasound transducer has 
a “beam width.” If two reflectors are spaced closely together 
they may be imaged as one large reflector. The beam width 
may vary with depth and possess a focal region. 
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FIGURE 1.10. (Left) Low frequency ultrasound 
wave has a long duration and cannot distin- 
guish closely spaced reflectors. (Right) High 
frequency ultrasound wave has a short dura- 
tion and is capable of imaging both reflectors. 
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tronic adjustments made during operation of the ultra- 
sound unit. If the ultrasound beam produced by the 
transducer is wide, it is difficult to visualize small separa- 
tions between reflectors, and several small reflectors ap- 
pear as one large reflector. If the transducer produces a 
narrow ultrasound beam, it is easier to see adjacent re- 
flectors. 


Frequency Effects 


Changing the frequency during an ultrasound examina- 
tion dramatically affects the way the ultrasound interacts 
with the patient’s tissue. The higher the frequency of the 
ultrasound the better is the depth resolution because the 
ultrasound packet is several wavelengths long. As the fre- 
quency increases, the wavelength becomes shorter. A 
short wavelength results in a small ultrasound packet 
and makes it easier to distinguish closely spaced reflec- 
tors. In Figure 1.10 (left) the thickness of the ultrasound 
packet for the low frequency sound is larger than the 
separation between the reflectors. For the reflectors at 
the left of Figure 1.10, the spacing is larger than the 
thickness of the ultrasound packet. When the reflector 
spacing is smaller than the packet thickness, the reflec- 
tions blend together and the individual reflectors cannot 
be distinguished. The high frequency sound has a thin- 
ner ultrasound packet and is therefore able to distin- 
guish close reflectors; hence it demonstrates better axial 
(depth) resolution. 

The lateral resolution also improves at higher frequen- 
cies. The frequency affects the ability of an ultrasound 
transducer to focus the sound waves. At high frequencies 
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the sound may be focused more, resulting in better reso- 
lution. In Figure 1.11 the left pattern reflects difficulty 
distinguishing the reflectors, whereas with the higher 
frequency pattern on the right the same reflectors can 
be easily distinguished. 


Penetration 


As the frequency of the ultrasound is increased, there is 
a disadvantage. The speed with which the sound energy 


Low Frequency High Frequency 

FIGURE 1.11. (Left) Low-frequency ultrasound transducer pro- 
duces a wide beam width that is unable to separate adjacent re- 
flectors. (Right) High frequency ultrasound transducer pro- 
duces a narrow beam width and can separate the adjacent 
reflectors. 


is absorbed by the body is proportional to the frequency. 
If the frequency is doubled, the sound energy is ab- 
sorbed twice as fast. The ability of ultrasonography to de- 
tect reflected sound is limited by the receiving amplifiers 
in the ultrasound unit. There is a point when the return- 
ing energy is so low it is “lost” in the electronic noise 
of the system, which means that there comes a point 
when the sound energy absorption prevents visualization 
of the anatomy at that depth. As the frequency increases, 
the ability of the sound to penetrate the body and then 
return is reduced. High frequency transducers (10-20 
MHz) are strictly shallow depth devices. If visualization 
of the whole body is desired, low frequency transducers 
must be used. 


Doppler Ultrasonography 


The Doppler effect is named after Christian Doppler, an 
Austrian physicist who first described the effect in 1842.1 
The effect is well known by anyone who has heard a 
loud, fast-moving object. Trains, planes, and automobiles 
exhibit the effect. The sound waves coming from a sta- 
tionary object travel outward from the object at a uni- 
form speed. The wavefronts pass over a stationary lis- 
tener with the same frequency that they were emitted. 
If the source of the sound is traveling toward the listener, 
the distance between the wavefronts is compressed and 
the frequency seems to be higher than the emitted 
sound, as shown in Figure 1.12. As the sound source 
moves past the listener and away, the distance between 
wavefronts is stretched and the frequency of the sound 
seems lower than the original emitted sound. This effect 
occurs if either the sound source or the listener is mov- 
ing. With ultrasonography the source of the sound, the 
transducer, emits sound, which is reflected by moving 


blood cells. The Doppler effect for this case is doubled 


FIGURE 1.12. Signal from a stationary ambulance is a regular 
pattern of sound. As the ambulance begins moving, listeners in 
front of it hear the frequency of the sound increase, and listen- 
ers behind it hear the frequency decrease. 
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compared to the usual Doppler effect because the trans- 
ducer is effectively the source and the listener, which 
causes the frequency shift to be doubled in magnitude. 
Because the transducer both listens and receives, and 
knows what frequency it sent out, it is easy to determine 
the exact frequency shift. The direction of the frequency 
shift, positive or negative, tells us the direction of blood 
flow relative to the transducer. A positive shift means the 
blood is moving toward the transducer, and a negative 
shift means it is traveling away from the transducer. The 
speed of the blood flow may be determined by the mag- 
nitude of the frequency shift. A large shift in frequency 
reflects a high velocity. 


Pulsed Doppler Ultrasonography 


Pulsed Doppler ultrasonography uses short bursts of 
sound to measure frequency shifts. By measuring the 
time required for the echo to return, this device is able 
to establish the depth of the blood vessel and the velocity 
of the blood flow (Fig. 1.13). It is also possible to distin- 
guish between blood vessels, so the measured velocity for 
a particular vessel can be determined. A region of inter- 
est for the Doppler measurement can be established by 
turning on the receiver for only a short time. The depth 
of this region of interest can be varied by changing the 
delays between ultrasound generation and reception. 


Continuous Doppler Ultrasonography 


Continuous Doppler ultrasonography sends out a steady 
ultrasound frequency and constantly listens for other fre- 
quencies returning. This type of transducer typically has 
two crystals, one for transmission and one for reception 
of returning echoes, as shown in Figure 1.14. This type 
of transducer is unable to differentiate between vessel 
echoes at various depths. 
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FIGURE 1.13. Pulsed Doppler unit may selectively measure ve- 
locity at chosen depths. This selection allows the sonographer 
to evaluate individual vessels or different portions of the same 
vessel. 
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FIGURE 1.14. Continuous Doppler transducer contains two 
crystals. One is constantly sending out ultrasound, and the 
other crystal is always listening. 


Duplex Doppler Ultrasonography 


It is often desirable to measure flow within a particular 
vessel or an area within a vessel. At such times it is impor- 
tant to visualize the patient’s anatomy in order to accu- 
rately place the region of interest for pulsed Doppler 
studies. By incorporating a pulsed Doppler transducer 
into a real-time transducer it is possible to obtain real- 
time anatomic images intermingled with pulsed Doppler 
information. For example, a real-time transducer operat- 
ing at six frames per second may operate at only five 
frames per second, and every sixth frame is a pulsed 
Doppler signal. In this fashion, the Doppler region of 
interest may be precisely located on the live anatomic 
image. 


Color Doppler Ultrasonography 


A variation on duplex scanning is to interweave the 
pulsed Doppler scans and the imaging scans. This tech- 
nique allows the ultrasound unit to overlay a color map 
of blood flow on the anatomic image. By convention, 
flow toward the transducer is red, and flow away from 
the transducer is blue. 


Power Doppler Ultrasonography 


As we saw earlier, the frequency shift from moving blood 
allows the ultrasound machine to calculate the velocity 
of blood flow. With conventional color Doppler sonogra- 
phy the average frequency shift information is used to 
determine the direction and speed of flow. Unfortu- 
nately, this technique does not make full use of the infor- 
mation present in the return echoes. The velocity of 
blood flow varies across the diameter of a vessel. The 
blood moves faster in the center and slows near the ves- 
sel wall as the blood experiences friction from the vessel 
wall. In small vessels the blood flow velocity is slow owing 
to friction. These small vessels may not have high velocity 
but, because of their large number, may be a significant 
contributor to perfusion. When we use color Doppler 
techniques, we ignore the small vessels and consequently 
can overlook perfusion in the small vessels. A new ultra- 


sound technique called “power” Doppler looks at all fre- 
quency shifts, including those from slow-flowing blood.2 
The power Doppler method ignores the speed and di- 
rection of the flow and measures the amplitude of the 
frequency-shifted echoes, indicative of flow. A power 
Doppler image displays the amount of flow similar to a 
gray-scale image, except bright areas represent high flow, 
and dark areas indicate a lack of flow. This technique al- 
lows more accurate assessment of perfusion. 


Simple Radiobiology 


Radiolysis 


The damage that results from exposure to x-rays comes 
from the ionization of water and the creation of free rad- 
icals. These chemically reactive radicals may alter the 
structure of nearby molecules in the cells. If the altered 
molecule is DNA, the potential for cancer induction 
exists. 


Cellular Damage 


The function of cells depends on a complex interaction 
between the components of the cell. The results of an x- 
ray interaction are normally localized. The free radicals 
resulting from this type of interaction can cause chemi- 
cal damage to nearby structures. If the nucleus is dam- 
aged, the results may be cell death or reproductive dam- 
age. Damage to the DNA can result if the chain of 
nucleotides containing the genetic coding for the cell is 
disrupted. A break (scission) may repair itself, but if the 
repair results in a change in the order of the nu- 
cleotides, a point mutation results. The importance of 
this mutation may be insignificant or may result in the 
induction of cancer.2 

The law of Bergonie and Tribondeau3 states that ra- 
diosensitivity depends on the following factors. 


1. Maturity: Immature cells are more sensitive than ma- 
ture cells. 

2. Age: Young tissues and cells are more sensitive than 
old tissues and cells. 

3. Metabolic activity: Cells with high metabolic rates are 
more sensitive. 

4. Reproductive rate: The more rapidly cells reproduce, 
the higher is the radiosensitivity. 


Short-Term Effects 


Acute short-term effects of radiation are considered to 
be effects that occur within a few weeks of the exposure 
to radiation, in contrast to late effects, which are ex- 
pressed months to years after irradiation. The exposure 
needed to produce a short-term effect is far higher than 
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is ever likely to be experienced. The exposures that 
might occur during diagnostic radiologic procedures re- 
sult in exposures well below those required for this type 
of reaction. We briefly consider some common short- 
term effects that may help answer the inevitable ques- 
tions from patients. 


Lethal Effects 


Lethal acute effects occur after total-body irradiation or 
exposure of a major part of the body to a large dose, as 
with a nuclear accident or atomic bomb explosion. The 
acute effects fall into three distinct subgroups or syn- 
dromes depending on the major organ system affected. 
In order of increasing dose received they are as follows. 


1. Hematologic syndrome results when the blood cell pro- 
duction ability of the bone marrow has been damaged, 
which in turn results in reduced capacity to replenish 
the blood cells. In extreme cases the bone marrow is de- 
stroyed, in which case bone marrow transplants have 
been attempted with mixed success. This effect may 
begin to occur with whole-body exposures of 200 roent- 
gens. 

2. Gastrointestinal syndrome results from destruction of 
the stem cells for the intestinal villi. As the villi are de- 
pleted they are not replaced, with resultant uncontrolled 
passage of fluid across the intestinal membrane. This ef- 
fect may begin to occur with exposures above 1000 
roentgens. 

3. Central nervous system syndrome follows exposures of 
5000 roentgens or more. Death usually occurs within a 
few days from vasculitis and meningitis.5 


Nonlethal Effects 


Skin erythema is reddening of the skin similar to sun- 
burn. It may result from exposing the skin to 300 roent- 
gens. A temporary drop in the white blood cell count 
may result from a whole-body exposure of 25 roentgens. 
It is possible that a small exposure results in a chromoso- 
mal aberration, but it is difficult to detect aberrations at 
exposure levels below 5 roentgens. It is possible to cause 
cataracts by exposing the lens of the eye to large doses of 
radiation. The radiation threshold for formation of 
cataracts resulting from occupational exposure accord- 
ing to BEIR V is 800 roentgens.4 It is unlikely that a radi- 
ation worker with a maximum permissible limit of 5 
roentgens per year can ever accrue sufficient exposure 
to produce a cataract. 


Long-Term Effects 


The life-span shortening at the low level of exposure that 
might be reasonably expected for radiation workers is 
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uncertain, and it is possible there is no such shortening. 
The risk of radiation-induced cancer at exposure levels 
experienced by radiation workers is unclear, and BEIR V 
has stated “the possibility that there may be no risks from 
exposures comparable to natural background radiation 
cannot be ruled out.”6 Most radiation workers have an- 
nual exposures that are much lower than the normal ex- 
posure to background radiation. 


Radiation Effects During Pregnancy 


The exposure of a pregnant employee or patient pre- 
sents a special problem, as the fetus has high sensitivity 
to radiation. If possible, examinations involving x-ray ex- 
posure to the abdominal area should be postponed until 
after the pregnancy. Exposing the fetus to radiation dur- 
ing the first 2 weeks either causes a miscarriage or has 
no effect. Exposure for the rest of the first trimester may 
result in a deformity. Although it is unlikely there will be 
any effect with a dose of less than 10 rad of radiation to 
the fetus, extreme care should be taken during this pe- 
riod of fetal development. Radiation exposure during 
the second and third trimesters may slightly increase the 
risk of childhood malignancy. If fetal exposure occurs, a 
diagnostic physicist should be consulted to evaluate the 
amount of exposure. 


Radiation Protection 


When dealing with an obvious hazard, such as fire, it is 
unnecessary to tell someone not to put their hand in the 
flame. With ionizing radiation there is no obvious way to 
know you are in a radiation field. The simplest way to 
protect yourself and employees from overexposure to ra- 
diation is to use common sense methods to reduce the 
exposure levels or exposure time. Before deciding on 
the precautions to be taken, the exposure levels in the 
room are determined. This point is obvious if one is ex- 
perienced with fluoroscopy. Wearing a film badge to 
monitor radiation exposure and having a good “feel” for 
the levels in the room are usual with such workers. In 
case of a new facility or installation of a new unit, it is 
generally a good idea to request that a physicists’ services 
be retained to evaluate the equipment and monitor the 
radiation levels near the x-ray equipment. The physicist 
can provide useful information about the radiation lev- 
els in the room and the radiation exposures that the 
physician and the patients will be receiving. 


Time 


It may seem obvious that the less time of exposure to ra- 
diation, the less total exposure one receives. Unfortu- 
nately, it is all too easy during an examination to become 
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involved in the task and to forget to raise one’s foot from 
the foot switch. A 5-minute timer is installed in fluo- 
roscopy units with the purpose of reminding the opera- 
tor every time 5 minutes of “live” fluoroscopy time has 
passed. A useful accessory for new fluoroscopy units is 
the “last image hold.” This option freezes the last image 
on the fluoroscopy monitor so the image can be exam- 
ined without continuing to produce radiation. 


Distance 


It is important to remember that most of the radiation 
exposure to the fluoroscopist is scatter radiation from 
the patient. If the physician can increase his or her dis- 
tance from the patient, it reduces the exposure. If one 
extra step back from the patient can be achieved, the ex- 
posure may cut in half. 


Shielding 


It has been stated previously, but bears repeating, that 
the source of the operator’s radiation exposure is not the 
x-ray tube, it is the patient. The purpose of shielding in the 
room is to reduce the operator’s exposure. If the room 
has been inspected by a physicist, the x-ray tube has been 
evaluated for leakage radiation. There are strict require- 
ments for shielding of the primary radiation beam. Be- 
cause great care is taken to eliminate the operator’s ex- 
posure to the intense primary beam, the exposure is 
almost solely the less intense scatter radiation from the 
patient. The shielding one uses for protection (e.g., lead 
aprons, portable shields) should be placed between the 
operator and the area of the patient being exposed to ra- 
diation. With the exception of the primary beam enter- 
ing the patient, the x-rays from the tube are already 
blocked; therefore the x-ray tube is not a source of haz- 
ard to personnel. 


Shielding in the Walls 


The amount of lead placed in the walls of the facility de- 
pends on numerous factors, and this determination is 
best left to a medical physicist. There are two main types 
of shielding. 


1. A primary barrier is required when the x-ray beam is 
directed at a wall, floor, or ceiling. In a fluoroscope 
the primary barrier is the image intensifier, and a pri- 
mary barrier in the wall is not required. If chest radi- 
ographs are to be taken, the wall behind the chest 
stand is a primary barrier and must be shielded ap- 
propriately. 

2. A secondary barrier is any wall in the room that is not 
a primary barrier. When radiation scatters from the 
patient it goes in all directions. Fortunately, the levels 
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of scatter radiation are far lower than that of primary 
radiation. Therefore in some cases no extra shielding 
is necessary, but it should be determined by a quali- 
fied expert. 


Maximum Permissible Dose 


A maximum radiation dose of 5000 millirem per year has 
been established for radiation workers. This “rule” does 
not mean it is absolutely “safe” to receive this much radi- 
ation, but it does mean that the risk resulting from the 
dose is considered negligible. Of course, the chance of 
being struck by lightning is small, and we ignore it unless 
we happen to be the one struck. Caution should always 
be used with radiation. 


Protecting Patients 


It is generally considered that the radiation risk from any 
diagnostic procedure is insignificant compared to the 
medical benefit. It is essential never to expose oneself or 
patients to unnecessary radiation; a balance should be 
maintained between excessive caution and applying 
enough radiation to obtain the desired medical results. 
An easy way to reduce unnecessary exposure to the pa- 
tient is to use collimation. When a film is obtained the 
radiation field should be confined to the size of the 
film. If the area of the patient exposed to the x-rays is re- 
stricted to the area needed for the procedure, it reduces 
the patient’s long-term risk. 


Protective Apparel 


Lead aprons are available in several styles. The two most 
common are the front apron and the wraparound. A 
common misconception is that the wraparound provides 
additional protection because it blocks radiation bounc- 
ing off the walls. The radiation does not bounce effi- 
ciently from materials. The amount that does bounce off 
the walls behind the operator is already reduced in in- 
tensity to levels smaller than the amount that would be 
transmitted through lead. The value in the wraparound 
aprons comes when turning one’s back on the patient 
during fluoroscopy. The patient is the source of scatter 
radiation, and the only lead shielding that protects the 
operator is the lead directly between him (or her) and 
the patient. The operator probably does not need to be 
standing on the fluoroscopic switch while looking away 
from the patient. 

Aprons come in different weights. The light aprons 
generally have less lead in them and provide less protec- 
tion; heavy aprons generally have more lead and provide 
increased protection. The aprons are generally sold in 
terms of their equivalent thickness of lead. The most 
common equivalent thickness is 0.5 mm; 0.025 and 1.0 
mm equivalent thickness are also available. 
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New aprons that use alternative materials in addition 
to lead for radiation protection are available. In many 
cases these aprons perform as well as lead while weigh- 
ing considerably less. Aprons of this type are said to be 
lead equivalent at a particular energy (kilovolt peak). It 
is important to establish before purchase that these 
aprons are equivalent to lead at the maximum energy 
(kilovolt peak) used in that facility. 


Other Protective Apparel 


Lead glasses contain a high concentration of lead and 
are good attenuators of radiation. They are typically 
about 90% effective at blocking scatter radiation. Thy- 
roid collars are made of the same material as lead aprons 
and are designed to wraparound the neck and protect 
the thyroid gland. Lead gloves come in several thick- 
nesses and levels of protection. Unfortunately, those that 
offer the best protection also are heavy and thick. 

Protective apparel may also be used for patients. Using 
lead aprons provides little protection for the patients 
from scatter radiation, as the patient is the primary 
source of scattered radiation. However, it is important to 
shield the gonads of patients from the primary x-ray 
beam. It is done by placing small pieces of radiopaque 
material between the gonads and the x-ray tube, which 
should be done only if it does not interfere with the pro- 
cedure. 


Physics of Magnetic 
Resonance Imaging 


Over the years nuclear magnetic resonance (NMR) has 
evolved as a powerful technique in the hands of physi- 
cists, biophysicists, biochemists, and physicians. NMR is a 
technique by which interactions of nuclei with their sur- 
roundings can be observed in the presence of a mag- 
netic field. Since its discovery in 1946,78 it was primarily 
used by physicists to determine the magnetic moments 
and concentration of nuclei. During the mid-1950s 
chemists developed it as a spectroscopic tool for molecu- 
lar structure determination. Its potential use for explor- 
ing biologic properties was first demonstrated by Dama- 
dian in 1971.9 The first realization of its application for 
imaging was not until 1973 when Lauterbur!0 demon- 
strated use of magnetic field gradients to spatially en- 
code MR signals from different parts of the anatomy. 
Since that time, NMR, now renamed magnetic reso- 
nance imaging (MRI) or magnetic resonance (MR), has 
evolved rapidly in terms of its capability to image com- 
plex anatomic regions. 

The current status of MR for evaluating various disease 
states is comparable to that used for studies with other 
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modalities. For example, the steady improvement in MR 
technology has improved our ability to observe signals 
from blood vessels as narrow as coronary arteries.11,12 
Currently, techniques are being developed and multi- 
center clinical trials are under way to assess its usefulness 
for evaluating several disease processes. 

This chapter provides a brief overview of basic MR 
imaging principles. Imaging principles, imaging tech- 
niques, and the effect of parameters on image quality 
are discussed. 13-17 


Basic Principles 
Nuclear Magnetic Moments 


Fundamental to MRI is a property called the “magnetic 
moment,” which is key to obtaining the resonance sig- 
nal.16,18 The protons in the nucleus spin on their axis. 
When charged particles, such as protons, move or spin, 
they create a magnetic field. The magnetic moment is a 
result of spin and charge. As such, a single proton acts 
like a tiny bar magnet having a magnetic dipole moment. 
MRI relies on the interaction of these magnetic mo- 
ments with the magnetic field of the MRI. The existence 
of the magnetic moment is related to nuclear structure 
and the angular momentum of the nucleus. Various 
modes of angular momentum are a result of different 
types of motion, such as rotation, spin, and vibration. 
The angular momentum that concerns us is the nuclear 
spin angular momentum that results from the spinning 
and orbital motion of nucleons. For nuclei other than 
hydrogen, which has only one proton, the net spin angu- 
lar momentum is the result of coupling between individ- 
ual nucleons, each with its own orbital and spin angular 
momentum; the result is characterized by the term 1.16 
Because the magnetic moment is directly proportional 
to the nuclear spin, only nuclei having nonzero spin pos- 
sess a magnetic moment. The hydrogen nucleus con- 
tains only one proton and has the strongest nuclear mag- 
netic moment. Because of its natural abundancy and 
sensitivity, hydrogen is by far the most suitable nucleus 
for obtaining a strong magnetic resonance signal. Table 
1.1 shows MRI characteristics for various nuclei. 

What happens when nuclei with a nonzero magnetic 
moment are placed in a magnetic field? Unlike a bar 
magnet, which tends to orient either parallel or antipar- 
allel to the applied magnetic field direction, a magnetic 
moment when placed in the magnetic field experiences 
a force referred to as torque.!9 The result of torque on a 
moment is to force the moment to wobble (precess) sim- 
ilar to a spinning top precessing under the action of a 
torque due to gravitational force. Thus the nucleus not 
only spins around its own axis but also rotates (pre- 
cesses) around the axis of the magnetic field, as shown 
in Figure 1.15. The precessional rate (frequency) is 
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TABLE 1.1. MRI characteristics of various nuclei 

Relative natural Relative Gyromagnetic MR frequency 
Nucleus Spin I abundance MR sensitivity ratio (y)[MHz/T] at 1.5 T [MHz] 
1H 1/2 99.8 1.00 42.58 63.87 
°H l 1.5 X 10-2 9.7 X 10-3 6.54 9.81 
13C 1/2 1.11 1.6 X 10-2 10.71 16.07 
19Ẹ 1/2 100 0.83 40.05 60.08 
BNa 3/2 100 9.3 X 10-2 11.26 16.89 
31p 1/2 100 6.6 X 10-3 17.23 98.85 


called the Larmor frequency!3.16 and is dependent on 
the characteristics of the nucleus and the strength of the 
applied magnetic field. The Larmor frequency is de- 
fined as: 


f=(=) 5 1] 


where y is the property of the nucleus called the gyro- 
magnetic ratio (Table 1.1). In a fixed magnetic field, dif- 
ferent nuclei (owing to their dissimilar gyromagnetic ra- 
tios) have different precessional frequencies. The unit 
for frequency is the hertz (cycles per second), and mag- 
netic field is measured in teslas (T). A typical 1 T MRI 
scanner has a field at the center of the bore that is 
20,000 times stronger than the earth’s magnetic field, 
which is only 0.5 X 10-4 T. 

The precessional frequency is unique to the nucleus, 
which is advantageous in MRI, and is determined by Eq. 
[1]. It is also the frequency at which the nucleus absorbs 
energy. For hydrogen nuclei or protons this frequency 
in a 1.5 T magnet system is 63.87 MHz. Thus nuclear- 
specific MRI can be performed simply by changing the 
detection frequency that matches with the precessional 
frequency of the desired nucleus. The precessional fre- 
quency range for all nuclei of interest in humans at 1.5 T 
magnet falls in a range that is close to many of the 
AM/FM radio and television frequencies transmitted by 
stations (Fig. 1.16). It is important to isolate the de- 
tectable frequency from the outside frequency; other- 


FIGURE 1.15. Top spinning in a gravita- 
tional field experiences torque from the 
field, which makes it precess around the 
field. Similarly, the magnetic moment, 
when exposed to the magnetic field, pre- 
cesses around the direction of the mag- 
netic field. 


wise these outside signals may degrade the MRI image. It 
is for this reason “magnet” rooms are radiofrequency 
shielded to avoid any interference between detected fre- 
quency and the outside frequencies. 


MRI Signal 


Equation [1] describes the behavior of a single isolated 
magnetic moment in the magnetic field. MRI deals with 
a large number of identical nuclei. A typical signal aris- 
ing from 1 g of tissue is the sum of signals derived from 
about 6 X 1023 spin moments. An appropriate term that 
describes the collective behavior in the presence of the 
magnetic field is “magnetization,” which refers to the 
total magnetic moments per unit volume. A collective 
ordering of an individual magnetic moment is impor- 
tant for generating the magnetization. In tissue these 
magnetic moments are randomly oriented, canceling 
the magnetic field from one another and resulting in 
net zero magnetization. However, when exposed to a 
magnetic field, the magnetic moments precess and tend 
to align their precessional axes along the direction of 
the main magnetic field similar to compass needles 
placed in earth’s magnetic field. The collective align- 
ment of the magnetic moments along the field direc- 
tion, either parallel or antiparallel, generates the net 
magnetization, as shown in Figure 1.17. In the case of 
hydrogen, nearly as many align against the field as with 
the field direction. 


Magnetic 
moment 


Spin 


Top in a gravitational field Nuclear spin moment in a magnetic field 
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FIGURE 1.16. Electromagnetic spectrum with various types of electromagnetic radiation. The spectral frequency for MR imaging is 


in the megahertz range. 


The exact ratio of population is governed by the Boltz- 
man’s distribution law,16 which states that at equilibrium 
the number of nuclei in the parallel orientation (low en- 
ergy state) is slightly in excess of the number of nuclei in 
the antiparallel orientation (high energy state) with re- 
spect to the magnetic field. The difference between 
these two populations is called the excess population 
and provides a net magnetization along the direction of 
the magnetic field and gives rise to the “MRI signal,” 
which is evaluated in MR experiments. The fractional ex- 
cess population is of the order 6 X 10-6. For every mil- 
lion nuclei, six more nuclei are aligned parallel to the 
magnetic field direction than are aligned antiparallel to 
it. Although this number is small, when we consider a 
gram of tissue sample containing about 1023 nuclear mo- 
ments the excess population is large. Excess population 
also increases with the applied magnetic field. Therefore 
at a higher field strength there exists an inherent advan- 
tage of having more protons contributing to the overall 
magnetization, thereby increasing the signal strength. 
When a sample such as tissue or water is placed in a mag- 


netic field, the nuclear moments (protons) that were 
randomly oriented outside the field now redistribute in 
one of the two allowed orientation states. This process of 
redistribution continues until an equilibrium state is 
achieved, at which point the net magnetization is maxi- 
mum and directed along the main magnetic field. The 
time required to achieve the state of equilibrium is deter- 
mined by the relaxation mechanism (discussed later). 

The equilibrium setup among the magnetic moments is 
a natural state and is the most favored low energy state in 
a system of spins. To observe any changes in the system, 
the natural tendency of the spin system must be disturbed 
by an external stimulus. This disturbance can create a 
change in the population balance between states by allow- 
ing protons in the low energy state to absorb energy and 
jump to a high energy state. The process is called reso- 
nance absorption. Such absorption is possible only when a 
source of energy is acting at the Larmor frequency. 

What happens when a resonance absorption. of energy 
takes place? It is the excess population that is the source 
of signal generation. If the population difference is zero, 


FIGURE 1.17. Random distribution of magnetic 
moments in Earth’s magnetic field. The ther- 
mal energy is large enough to overcome the en- 
ergy due to Earth’s magnetic field. However, 
when exposed to a strong magnetic field (Bọ), 
the moments precess around the magnetic 
field. The allowed direction of precession is ei- 
ther parallel or antiparallel to the direction of 
the main magnetic field, with slightly excess 
moments along the direction of the field. The 
net magnetization is due to this excess popula- 
tion and is directed along the magnetic field Bo. 
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the net signal is also zero. When resonance absorption 
takes place due to the presence of an external stimulus 
of energy, there is a temporary change in the balance of 
population between the states, resulting in elimination 
of the excess population and causing the net magnetiza- 
tion along the magnetic field direction to become zero. 
In order to achieve this, the external source must have 
exactly the right energy to reorient the magnetization. 
To understand the resonance absorption of energy, 
consider a laboratory frame of reference in which the 
z-axis is parallel to the magnetic field By. When a patient 
is placed in the magnetic field, an equilibrium state 
among protons is established in which the magnetiza- 
tion, (M) from the excess population of protons is di- 
rected parallel to the z-axis. It is difficult to detect this 
small magnetization when it is aligned with the main 
magnetic field. To measure M, it is tilted away from the 
z-axis into the xy-plane. However, even after the tilt, 
the magnetic moment is still rotating around Bọ at the 
Lamor frequency, as seen in the laboratory frame. MRI 
studies depend on the absorption of energy by the ex- 
cess population of protons in the low energy state and 
the ensuing jump to the high energy state. Subsequently, 
these excited protons release this absorbed energy as a 
radiofrequency when they drop back to the lower energy 
state. This radiofrequency is received as the MRI signal. 
The absorption of energy takes place when the external 
source of energy provides energy exactly equal to the en- 
ergy difference between the two states (Fig. 1.18). By 
suitably placing a receiver coil in the transverse (xy) 
plane, one can measure the precessing magnetization M 
(Faraday’s law) (Fig. 1.19). The induced voltage is sinu- 
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FIGURE 1.18. Population distribution of moments in the pres- 
ence of a magnetic field. The difference between two states in 
which spin moments reside increases with the field. When a ex- 
ternal source of energy that matches exactly with the energy 
difference between populations is applied, the excess moments 
from a low energy state (E,) are excited to the higher energy 
state (Eo) by absorbing the applied energy. When the source of 
external energy is removed, the excess moments begin to relax 
back to the lower energy state by emitting the excess energy 
(AE = Es — E,). The process by which they reach low energy is 
characterized by relaxation times T1 and T2. 
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FIGURE 1.19. Spin magnetization when exposed to a radiofre- 
quency pulse whose magnitude and width is such that it rotates 
the magnetization through 90 degrees as seen from a rotating 
frame of reference. A receiver coil, placed along the transverse 
plane, picks up the signal as the magnetization starts precess- 
ing in the transverse plane. 


soidal with a characteristic frequency that is modulated 
by Larmor frequency and a magnitude proportional to 


M. In the above example, the tilting of magnetization 


from its axis is achieved by applying an external source 
of energy, called the B, field. 

In the MRI experiment, B, is applied in the form of a 
radiofrequency (RF) pulse whose magnitude and dura- 
tion determines the amount of deflection of the magne- 
tization from the z-axis. The magnitude B, is usually kept 
constant, and its duration is varied to provide different 
tilt angles. For example, to tilt M by 90 degrees, a Bı 
field of magnitude 58 milligauss is required for 1 ms. An 
RF pulse that causes 90 degrees of tilt in the magnetiza- 
tion is called a 90-degree RF pulse. In contrast a 180-de- 
gree RF pulse causes the magnetization to rotate by 180 
degrees pointing along a negative-z direction. For defin- 
ing tissue magnetization we use two types of magnetiza- 
tion: one that is parallel to the main magnetic field (also 
called longitudinal magnetization) and another that is 
perpendicular to the main magnetic field (called trans- 
verse magnetization). Any magnetization present be- 
tween these two orientations has components both lon- 
gitudinal and transverse to the magnetic field direction. 


Spin-Lattice and Spin-Spin Relaxation 


Magnetic relaxation is a process by which the spins re- 
turn to establish a thermal equilibrium condition. The 
equilibrium exists when the magnetization M is parallel 
to the main magnetic field direction along z (i.e., M, = 
Mo) and the transverse component M,, = 0. It does not 
mean there are no protons with transverse magnetiza- 
tion Components; rather, the net transverse magnetiza- 
tion from all protons averages out to zero. The applica- 
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FIGURE 1.20. (A) Magnetization regrows along the longitudinal 
direction after the external energy source in the form of an RF 
pulse is removed. In terms of population difference, it is zero 
immediately at the end of the RF pulse and begins to regain 
balance by returning to the state that existed prior to applica- 
tion of the next RF pulse. The magnetization returns to equi- 
librium exponentially with a characteristic time T1. At the end 
of T1, the magnetization has grown to 63% of its final value, 
whereas at 2T 1 it has reached 86%. By the end of 4T1 the mag- 


netization is nearly at its original equilibrium state. (B) Behav- 
ior of magnetization in the transverse plane after the applica- 
tion of a 90-degree RF pulse. The magnetization in this plane 
decays exponentially with a characteristic time T2. The trans- 
verse magnetization, which was maximum, is reduced to 37% 
at the end of T2 and 14% at the end of 2T2. At the end of 4T2 
nearly all transverse magnetization is decayed, and longitudi- 
nal magnetization is nearly regained. M, = It is the transverse 
magnetization along y-direction following an RF pulse. 
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tion of an RF pulse disturbs the equilibrium by reorient- 
ing the magnetization away from z. For example, an RF 
pulse with a tilt angle of 90 degrees causes the entire 
magnetization that was initially along z to tilt perpendic- 
ular to the z-axis. Following an RF pulse, the return of 
the magnetization to equilibrium (M, back to Mp) is ex- 
ponential, with a time constant (T1) called the spin-lat- 
tice relaxation time.20 The spin-lattice relaxation (T1 re- 
laxation) is a result of interaction between resonating 
spins and the other spins in the surrounding environ- 
ment (lattice). It is through this interaction that the ex- 
cess population of spins exchanges its energy with the 
lattice, thereby returning to the preferred low energy 
state. The efficiency of exchange of energy depends on 
the state of surrounding spins. If the surrounding spins 
are also at the Larmor resonance frequency, the ex- 
change of energy is efficient, the relaxation is faster, and 
the characteristic relaxation time T1 is shorter. On the 
other hand, if the surrounding spins are not at or near 
the frequency of the resonating spins, the exchange of 
energy is slower, and hence the relaxation is slower and 
the T1 longer. 

A second type of magnetization is called transverse 
magnetization. The net transverse magnetization is usu- 
ally zero, as it is equally distributed in all transverse di- 
rections and averages out to zero. A change in value 
from zero results from the application of an RF pulse. A 
90-degree RF pulse converts the transverse components 
of individual protons from randomized orientation into 
a uniform orientation. The return of transverse magneti- 
zation M,, following an RF pulse back to its equilibrium 
value of zero is also exponential and is characterized by 
T2, or the spin-spin relaxation time.20 The mechanism 
that causes decay of transverse magnetization is a result 
of dephasing among spins over time. One of the causes 
of the decay is the result of local inhomogeneity in the 
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magnetic field caused by spin-spin interaction. Each 
spin acts as a source of magnetic field. Thus cach spin 
sees not only the main magnetic field but also an addi- 
tional local field from the neighboring spins. It is this lo- 
cal field that causes spins to lose their phase coherence 
in the transverse plane. Therefore in the transverse 
plane spins change their relative phase between each 
other and lose signal. Other sources of loss in transverse 
magnetization include the inhomogeneity in the main 
magnetic field, an inhomogeneity caused by susceptibil- 
ity effects in a tissue due to two different magnetic 
species. T2 relaxation involves phase variation, whereas 
TI relaxation involves the energy exchange (Fig. 1.20). 
Radiofrequency energy can be used to generate a sig- 
nal in an MR experiment. First we apply a 90-degree RF 
pulse, which converts M, to M,,. After the 90-degree RF 
pulse, the longitudinal magnetization is reduced to zero 
and is rotated into the transverse plane. The transverse 
magnetization reaches its maximum value (M,y) and 
generates a signal in a pickup coil placed in the trans- 
verse plane. The magnitude of the postpulse transverse 
magnetization is equal to the magnitude of the prepulse 
longitudinal magnetization. The transverse signal even- 
tually drops to zero, and the longitudinal magnetization 
returns to its equilibrium value. Measured transverse sig- 
nal reflects the strength of longitudinal magnetization 
present from the previous cycle. After an RF pulse, we 
see transverse signal decay (T2 decay) and longitudinal 
growth (T1 relaxation). The transverse component that 
induces signal in the coil decays free from any external 
induction and is therefore called free induction decay. 


Formation of Spin-Echo 


In the transverse plane the spins immediately following 
an RF pulse begin to lose phase coherence rapidly owing 
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FIGURE 1.21. Hahn spin echo formation using 90- and 180-de- 
gree RF pulses. As seen from a rotating reference frame, the 
magnetization is rotated to the transverse plane at the end of a 
90-degree RF pulse. The individual spin moments begin to dis- 
perse in the transverse plane as a result of local variation in the 
magnetic field due to spin-spin interaction and other inhomo- 
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geneity effects. When a 180-degree pulse is applied, the effects 
of precession are reversed, so spins moving fast are presented 
behind those that are moving slowly. Thus at a time exactly 
equal to the time between the 90- and 180-RF pulses, magneti- 
zation coherence is reestablished, and the signal appears to be 
maximum at that location. 
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to inhomogeneity in the main field and the spin-spin in- 
teractions. Both of these conditions affect signal loss, but 
the loss due to field inhomogeneities can be eliminated, 
as the external field inhomogeneities are ordered and 
can be undone. However, the spin-spin interactions are 
inherently random and cannot be undone. The loss in 
M,, can be only partially restored (the portion due to ex- 
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FIGURE 1.22. Contrast in a spin-echo pulse sequence is ob- 
tained by changing the echo time (TE) and the repetition time 
(TR). (A) Using short TR and short TE, the magnetization 
growth is strongly influenced by T1. The T2 effects are mini- 
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ternal field inhomogeneities) using a 180-degree pulse 
in the transverse plane, as shown in Figure 1.21. The 
purpose of the 180-degree pulse is not to generate trans- 
verse magnetization but to introduce a phase change of 
180 degrees among spins in the transverse plane.21,22 
The effect of a 180-degree RF pulse can be understood 
by using the rotating frame concept. Imagine a rotating 
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mized owing to short TE, and density effects are minimized ow- 
ing to short TR. (B) Short TE and long TR provide strong den- 
sity effects and weak to no T1 and T2 effects. (C) Long TE and 
TR provide strong T2 effects in the magnetization. 
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frame that is rotating at the Larmor frequency in which 
the spins appear stationary. Some spins, however, move 
faster and others slower owing to magnetic field inho- 
mogeneities; and the Larmor frequency for these spins 
differ from that of the frequency of the rotating frame. 
Therefore those at low frequency tend to lose phase 
compared to those at the Larmor frequency and appear 
to move clockwise. Those at a frequency higher than the 
Larmor frequency appear to move counterclockwise. 
The effect of a 180-degree pulse is to simply change the 
direction of rotation, so those with a high frequency 
move clockwise and those with low frequency move in a 
counterclockwise direction. Thus precisely at a time that 
is twice the time between 90- and 180-degree RF pulses 
the echo is formed. 

The duration of time before the echo is formed is 
called the echo time (TE). To generate a strong signal, 
this sequencing of pulses is repeated with a repetition 
time (TR). This type of pulse sequence is called spin- 
echo and has the advantage of removing the effects of 
field inhomogeneity. The theoretic calculation of signal 
intensity is obtained by solving the Bloch equation! for 
the excitation RF pulse, TR, T1, T2, and a single refocus- 
ing RF pulse. The combined effects of Tl and T2 caus- 
ing a signal intensity variation for a 90-degree excitation 
RF pulse may be written as: 


S(t) = p(H) [1 - e-TR/T1]e-TE/T2 [2] 


where p(H) is the proton density. The bracketed quan- 
tity involving relaxation time Tl describes the growth, 
and the last term describes the decay. Equation [2] also 
indicates that the intensity increases with the density of 
protons and T2 relaxation time, whereas it decreases 
with T1. 

The TE and TR are programmable pulse sequence pa- 
rameters. By properly manipulating the TE and TR one 
can make the signal appear strongly dependent on ei- 
ther T1 or T2 of the tissue. For example, when TR and 
TE are short, the signal is strongly dependent on T1, as 
shown in Figure 1.22A. When TE and TR are held long, 
the dependence of T1 may be neglected and the signal 
strongly depends on T2. However, when TR is held long 
and TE short, T1 and T2 weightings are minimized, and 
the signal is primarily dependent on the density (Fig. 
1.22B) If the TR is long (> 4-5 T1), the recovery of lon- 
gitudinal magnetization is nearly 100% between the 


TABLE 1.2. Relaxation times of biologic tissues at 1.5T. 


Relaxation time (ms) 


Tissue Tl T2 


Skeletal muscle 863 + 155 47+6 
CSF 3000 + 600 1400 + 250 
White matter 783 + 133 92 + 20 
Heart muscle 862 + 138 57+9 
Liver 490 + 108 43 +6 
Kidneys 650 + 175 58+8 
Spleen 778 + 148 62+ 17 
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scans. Thus the transverse magnetization that is available 
is strongly Tl-independent, as the relative differences of 
T1 between tissues is not significant (Fig. 1.22C). Thus 
based on TE/TR, the contrast may be generated as fol- 
lows: 


Short TE/short TR > strong T1 weighting 
Short TE/long TR — strong density weighting 
Long TE/long TR > strong T2 weighting 


Complete growth along the longitudinal direction im- 
plies that there is no signal along the transverse direc- 
tion. Therefore all nuclei in the transverse plane de- 
phase before reaching thermal equilibrium along the 
longitudinal direction, which means that the T2 process 
is generally complete long before the T1 process is. In 
mathematic terms, T2 < Tl. Table 1.2 describes the re- 
laxation times of various biologic tissues at 1.5 T. 


MR Image Formation”? 


The presence of nearby atoms influences the energy 
required to flip protons into a different energy state. 
The small differences in the resonant energy may be 
detected because slightly different RFs are required for 
resonance to occur. Molecular information may be ob- 
tained by carefully examining the closely spaced charac- 
teristic frequency lines representing a particular species. 
Therefore with MR spectroscopy the maintenance of ho- 
mogeneity is crucial for obtaining high resolution spec- 
tral lines with nonoverlapping distinct frequency compo- 
nents. For imaging, on the other hand, the magnetic 
field is intentionally varied in a predetermined fashion 
using specially designed coils called magnetic field gra- 
dient coils. In a truly homogeneous magnetic field, the 
detected signal has no spatial variation, and the signal at 
each location depends strictly on the T1, T2, and density 
of spins. The application of magnetic field gradient 
causes spins to precess faster or slower than the Larmor 
frequency, and the precessional frequency variation 1s 
linear with the magnetic field, which is a function of po- 
sition. Thus the magnetic field gradient provides a 
means to establish positional dependent frequencies on 
either side of the center of the magnet. The shift of fre- 
quency of protons from the Larmor value determines 
the location of those protons from the isocenter of the 
magnet. The frequencies are varied along each of three 


Tissue contrast 


Spin density ‘Til T2 
Isointense Isointense Dark/gray 
Gray Dark Bright 
Gray/dark Bright/gray Dark 
Gray Gray Gray 
Gray Gray Dark 
Gray Dark/gray Bright 
Gray Dark Bright 
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orthogonal directions so each location in a three-dimen- 
sional space has a unique frequency depending on the 
strength of the magnetic field gradient. The three gradi- 
ents are called slice select, phase encoding, and fre- 
quency encoding gradients. 


Magnetic Field Gradient 


Production of MR images requires a special set of gradi- 
ent coils that vary the magnetic field linearly in a prede- 
termined fashion. There are three sets of gradients that 
are mutually orthogonal; they are provided by the spe- 
cial coils of wire surrounding the main body coil and 
are called gradient coils. The effect of gradient field in 
the presence of the main magnetic field can be under- 
stood from a simple experiment in one dimension.23 
Consider three test tubes filled with water and placed 
side by side inside the main magnetic field, as shown in 
Figure 1.23. Because protons inside the test tubes are 
identical and experience the’ same magnetic field 
strength, they all precess at the same rate; the resulting 
free induction decay (FID) yields a signal at the Larmor 
frequency given by wọ = yBy. When a gradient field is 
applied the total magnetic field at any point along the 
direction of gradient is the sum of the main field and 
the gradient field. A linear gradient would produce a 
magnetic field that varies linearly. The FID of the signal, 


Water in test tubes 


OO O 


2 Time domain 


O O O 


FIGURE 1.23. Effect of the magnetic field gradient is demon- 
strated using three identical test tubes filled with water placed 
equidistant in a constant magnetic field. The combined signal 
is the sum of signals originating from each test tube. Owing to 
the same frequency of precession, the combined frequency is 
also constant at a constant magnetic field. When Fourier-trans- 
formed, the resulting image is formed at that unique fre- 


Combined Signal 
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when Fourier-transformed, provides signals at three fre- 
quencies located at: 


vı = y(Bo + Gz21), 
vo = ¥(Bo + GzZ9), 
V3 = Y(Bo + GzZ3) respectively. 


Selective Excitation and Imaging 


To form a two-dimensional image of a three-dimensional 
object, a plane of excitation is selected first in one of the 
three orthogonal directions. The convention adopted by 
the manufacturer is to define the transverse, sagittal, 
and coronal planes, respectively, as transverse to the 
body, anteroposterior, and lateral in a supine position 
with head first in the magnet. 


Slice Select Gradient 


The first step of imaging is to establish the excitation 
plane, which also determines the plane of orientation in 
which the final images are presented. The selection of 
this plane is achieved using an excitation RF pulse to- 
gether with a desired magnetic field gradient. For ex- 
ample, if the relevant gradient turned on during the RF 
excitation happens to be along the anteroposterior di- 
rection, the excited plane is sagittal and the relevant gra- 


image Signal 


Frequency domain 


FFT 


w, = Y(B, +Gz z,) 
w, = ¥(B,+Gz Z,) 
w, =Y(B,+Gz Z,) 


quency. However, when a magnetic field gradient is applied, 
each test tube is at a different frequency based on its location; 
and the free induction decay (FID) is a combination of three 
frequencies. The resulting images are separated by distance as 
in the original setup when Fourier’s transform is performed. 
FFT = Fast Fourier Transform. 


1. Basic Physics 


dient is along the transverse plane; the corresponding 
plane of excitation is transverse. 


Phase Encoding Gradient 


Once the plane of excitation is chosen, that plane is di- 
vided into small elements, either squares or rectangles. A 
matrix of rows and columns are defined on that plane 
and each element of the matrix is called a pixel. The sig- 
nal in each pixel is generated by two remaining orthogo- 
nal sets of gradient coils. For example, signals along 
pixels in columns are achieved by applying a phase- 
encoding gradient, whereas those along the rows are 
achieved by the third, readout, gradient. The positive 
gradient introduces a higher magnetic field, conse- 
quently increasing the precessional frequency; the nega- 
tive gradient then decreases the precessional frequency. 
Phase is the result of change in frequency over time. Ac- 
cordingly, the phase shift is positive for the area over 
which the positive gradient is applied and at the same 
time; in the area over which the negative gradient is ap- 
plied the spins have phase in the opposite direction. 
When the gradient is turned off, the spins precess with 
the original Larmor frequency that was present before 
application of the gradient field, but the phase differ- 
ence between nuclei remains. 


Frequency Encoding Gradient 


The frequency encoding gradient is applied along the 
third direction while the data are acquired. It is also 
called readout gradient, as the data are sampled during 
this gradient. During the application of this gradient the 
data are sampled at up to 1024 different frequencies. 
The sampling interval is the duration between two adja- 
cent sampled points. The full range of frequencies sam- 
pled is called the bandwidth of the receiver. Thus when 
data acquisition is complete, each pixel contains the in- 


formation pertaining to a specific location in terms of. 


phase and frequency. The resulting array of points forms 
a matrix of data points, which are then subjected to a 
mathematical process called the Fourier transform, 
which transforms the data from a frequency-phase do- 
main to an intensity-position domain. 


Spin-Warp Pulse Sequence 


In a standard spin-warp pulse sequence, five activities 
take place: RF pulse activity, three independent gradient 
activities, and the data acquisition activity. These activi- 
ties are undertaken at different times. Some of the activi- 
ties along one direction may overlap with the activity tak- 
ing place along the other direction (Fig. 1.24). The 
other type of pulse sequences used in the spin-echo fam- 
ily include partial saturation and inversion-recovery. 
More recently, the fast-spin echo pulse sequences have 
been developed in which multiple-phase encode steps 
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FIGURE 1.24. Spin-warp pulse sequence shown with RF and gra- 
dient activities. The gradient activities are represented by G 
along each of the three orthogonal axes with each represent- 
ing slice, read, and phase. Their function is simply to alter the 
precessional frequency along those directions and for the dura- 
tion for which it is applied. 


are obtained in a single TR. As a result, T2 and spin-den- 
sity type information can be obtained in considerably 
less time. | 

There is a class of pulse sequences called gradient-re- 
called pulse sequences that use RF tip angles of less than 
90 degrees to tilt spins and gradients in order to refocus 
spins to obtain an echo. The advantage of using this type 
of pulse sequence is the improved temporal resolution 
to image such moving organs as the heart and abdomi- 
nal viscera. 

Using pulse sequences as described above, images can 
be obtained in which the contrast depends on the way 
pulse sequence parameters are selected. Characteristics 
such as spatial resolution, signal/noise ratio, and con- 
trast/noise ratio, are dependent on scan parameters. 
The optimization of these parameters is crucial for ob- 
taining high quality images. 


Parameter Optimization 
Contrast 


The desired contrast-based images are obtained by ma- 
nipulating TE and TR in a spin-echo pulse sequence.?4 
As described earlier, T1, T2, and spin-density weighting 
images are a result of short TE /short TR, long TE/long 
TR, and short TE/long TR, respectively. By changing the 
TE and TR, one can alter the relative contribution of 
these factors and change the contrast accordingly, as 
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shown in Figure 1.23. The soft tissue contrast obtained 
by MR imaging is superior to x-ray contrast owing to the 
small changes in x-ray attenuation coefficient between 
tissues. For example, the difference in x-ray attenuation 
coefficient between gray and white matter is about 0.5%. 
The MR signal difference between gray and white matter 
is significantly higher owing to differing T1 relaxation 
times of the two tissues, resulting in significantly higher 
contrast between gray and white matter. 


Spatial Resolution 


The spatial resolution with MR imaging is defined as 
the smallest observable pixel. The spatial resolution 
can be increased by reducing the slice thickness or 
increasing the size of the data collection by way of in- 
creasing the matrix size. The increase in matrix size in- 
creases the scan time and decreases the signal/noise ra- 
tio. One way to improve the signal/noise ratio and 
maintain high spatial resolution is to work at a higher 
magnetic field strength as the available per-pixel signal 
is increased. 


Bandwidth 


The bandwidth defines the range of frequencies sam- 
pled by the receiver. Increasing the bandwidth also al- 
lows more noise to enter the receiver, thereby reducing 
the signal/noise ratio. On the other hand, reducing the 
bandwidth improves the signal/noise ratio. The price to 
pay is the increase in the echo time and the chemical 
shift artifact. 

When selecting proper imaging parameters, one must 
keep in mind the trade-offs. The ideal end result should 
be an image with higher spatial resolution and a higher 
signal/noise ratio, which is difficult to achieve as im- 
proving one results in degrading the other. The operator 
should be fully aware of the trade-offs so a balanced im- 
age with all the required characteristics is obtained. 
Table 1.3 shows various trade-offs in pulse sequence pa- 
rameters. 
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Biologic Effects of Magnetic Field 


There are two aspects of MRI relevant to patient safety: 
(1) exposure to magnetic fields; and (2) the exposure to 
time-varying RF fields. In addition, patients are screened 
for possible contraindications within the body. 


Exposure to Magnetic Field 


The operating magnetic field strength ranges from 0.2 
to 2.0 T. The current guidelines established by the U.S. 
Food and Drug Administration (FDA) permit using up 
to 1.5 T for the static field. The only known effect ob- 
served is the change in the T segment of the electrocar- 
diogram (ECG) waveform, which is directly affected by 
the static magnetic field strength. The time-varying 
fields generated by gradient coils induce surface cur- 
rents in the patient’s body, which can cause mild sensa- 
tions, involuntary muscle contractions, and possibly car- 
diac arrhythmias; these conditions are short-term effects 
and usually disappear once the patient is outside the 
magnet. The magnetic field used for MRI is not believed 
to be harmful to a fetus, but no studies have been per- 
formed to establish the safety of imaging the pregnant 
patient. It is not known if the magnetic field has any 
effect on a fetus during the gestation period (first tri- 
mester). To be on the safe side, most operators do not 
perform MRI on pregnant patients unless the clinician 
believes it is absolutely necessary to avoid the exposure 
to ionizing radiation and is not able to obtain informa- 
tion from ultrasonography. 


Radiofrequency Exposure 


Magnetic resonance imaging requires repeated expo- 
sure of RF pulses to the patients. The measure of a dose 
of RF energy is the specific absorption rate (SAR). Ex- 
pressed in watts per kilogram, the SAR is a measure of 
power absorbed per unit mass of the subject. The FDA 
guidelines permit the maximum exposure of 1.5 watts/ 
kg for the whole body and 8 watts/kg over 1 g of tissue 
when used in a localized study. 


Imaging parameter Signal noise 


Spatial resolution Scan time 


Number averages increase by factor n Increase by \/n 


Slice thickness increase by factor n Increase by factor n 


Field-of-view decrease by factor n along 
phase encode direction 


Decrease by factor 2n 


Field-of-view decrease by factor n along 
frequency encode direction 


Receiver bandwidth decrease by factor n 
Phase encode steps increase by factor n 


Frequency encode steps increase by factor n 


Decrease by factor 2n 


Increase by factor Vn 
Decrease by factor Vn 


Decrease by factor Vn 


No change Increase by n 
Decrease by factor n No change 
Increase by factor n along phase No change 
Increase by factor n along frequency No change 
No change No change 


Increase by factor n along phase Increase by factor n 


Increase by factor n along frequency No change 
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Magnetic Field Hazards 


Owing to high magnetic field strength, a fringe field ex- 
ists that extends beyond the magnet room. A well 
shielded magnet should have minimum fringe field (< 2 
gauss) outside the magnet room. The field increases as 
we approach the center of the magnet bore. The greatest 
potential hazard inside the magnet room is the projec- 
tile motion of objects that are magnetic. Objects such as 
hammers, screwdrivers, and wrenches are attracted to 
the center of the magnet with great force. As a result, any 
person standing along the projectile path may be seri- 
ously injured. Any such object, large or small, should not 
be allowed inside the magnet room. Patients should re- 
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move jewelry, limb braces, credit cards, and watches be- 
fore going inside the magnet room. Another potential 
hazard exists for patients who have implants that are 
magnetic in nature. Devices such as cardiac pacemakers, 
cerebral aneurysm clips, cochlear implants, ocular im- 
plants, shrapnel, and so on may potentially rupture or- 
gans if patients with these foreign bodies are moved 
rapidly in and out of the magnet. Careful screening of 
patients is required through a questionnaire regarding 
any implants. The presence of any such objects is an ab- 
solute contraindication for MRI examination. A typical 
questionnaire is filled out by the patient before entering 
the MR suite follows. 


WILLIAM BEAUMONT HOSPITAL 
MAGNETIC RESONANCE IMAGING 


Patient/Volunteer Name: 


Date: 


Last First Middle 
WEBH ID# (If patient): Phone: 
Work Home 
Address: 
Birth date: Weight: 
Please answer each of the following questions by checking the appropriate column. 
Yes No 


1. Have you ever had surgery to repair an aneurysm? 


Do you have a heart pacemaker? 


Do you have an artificial heart valve? 


a oO NR 


Do you have a blood clot filter sometimes 
called an “umbrella” in a blood vessel? 


5. Have you ever had metallic objects surgically 
implanted in your body? 


6. Have you ever had a lens implanted 
in your eyes? 


7. Have you ever had a piece of metal stuck in your 
eyes from grinding, drilling, welding? 


8. Have you ever had an artificial hearing aid 
implanted? 


9. Is there any possibility that you are pregnant? 
(Last cycle date) 
10. Do you have any removable dental work? 


11. Do you have hairpins in your hair? 


Thank you for taking time to answer these questions. 


Signature 
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Embryology and Imaging 
of Ambiguous Genitalia 


Alexander A. Cacciarelliand Donald P Gibson 


Genetic sex is determined at fertilization, defined by the 
resultant chromosome pattern of the embryo. Pheno- 
typic sex is determined by the development of the inter- 
nal and external genitalia. Functional sex is the assigned 
sex of rearing and is determined primarily by the exter- 
nal genitalia.1-6 

Ambiguous genitalia can be defined as the condition 
for which, on physical examination, it is impossible to 
unequivocally assign a sex of rearing. It constitutes a so- 
cial and medical emergency, as early assignment of gen- 
der has a profound effect on a successful outcome for 
the family and the child. Hence immediate evaluation of 
the newborn requires a multidisciplinary approach and 
includes the pediatric areas of neonatology, urologic 
surgery, endocrinology, genetics, diagnostic imaging, 
psychiatry, and social work. Gender assignment must be 
done as early as possible and requires close correlation 
between the history and physical examination, appropri- 
ate genetic and laboratory studies, and imaging studies. 
Ambiguous genitalia has been reported to occur in 
about 1 in 1000 births as an isolated abnormality, al- 
though it can be associated with other physical abnor- 
malities as well.7 
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FIGURE 2.1. Fifth fetal week: division of the 
cloaca. 


Embryology 


Indifferent Stage 


Development of the fetal genital tract is closely tied to 
that of the urinary system. The embryology of both areas 
is key to understanding the causes of genital ambiguity. 

Up to about the 6th fetal week, there exists an indiffer- 
ent stage where there is lack of any differentiation, inter- 
nally and externally, toward either a male or female. De- 
scent of the urorectal septum at around the 5th fetal 
week begins to divide the fetal cloaca and separate the 
developing urogenital system from the hind gut (Fig. 
2.1). Gonadal development3.8 begins from tissue of the 
urogenital ridge. During the 5th fetal week the primary 
germ cells (XX or XY) move along the retroperitoneal 
area and form a germinal layer in the urogenital ridge, 
extending from the thorax to the hind gut. Gonadal de- 
velopment occurs in this germinal layer during the 6th 
fetal week. 

The internal ducts (wolffian, or mesonephric, and 
müllerian) develop together, with the mullerian ducts 
fusing distally.9 This fused area will form the uterovagi- 
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nal canal in the female and will open initially into the 
urogenital sinus but ultimately onto the perineum after 
descent of the urogenital septum. The metanephric 
ducts develop as buds from the wolffian (mesonephric) 
ducts (Fig. 2.2). The mesonephric duct is a key structure 
that guides the development of the urinary (meta- 
nephric) system as well as the mullerian system. Any ab- 
normalities in the initial mesonephric development can 
result in a high incidence of anomalies in the ipsilateral 
urinary tract. In the female, the ipsilateral miullerian 
structures can be affected, as seen in the Mayer—Rokitan- 
sky—Kuster-Hauser syndrome.10 

The external genitalia at this time are indifferent, or 
neutral, and include a genital tubercle along with genital 
folds and labial scrotal folds (genital swellings). The uro- 
genital membrane is still intact (Fig. 2.3). 

Late in the indifferent stage, during the 7th fetal week, 
the urorectal septum is fully descended and separates 
the urogenital sinus from the hind gut (Fig. 2.4). Differ- 
ential growth allows the metanephric duct (future 
ureter) to be incorporated into the urogenital sinus and 
to open in a position higher on the urogenital sinus than 
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FIGURE 2.2. Internal genitalia at the 6th fetal week: 
early indifferent stage. 
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the wolffian (mesonephric) duct from which it arose. 
Thus that portion of the mesonephric duct distal (cau- 
dal) to the original metanephric bud is absorbed into 
the formation of the bladder. The metanephric duct 
(ureter) opens into what will become the bladder, and 
the mesonephric (wolffian) duct opens lower into that 
part of the urogenital sinus that forms a portion of the 
urethra.11 


Male Development 


The Y chromosome is a key factor in male develop- 
ment.2.3,89 A gene on the short arm of the Y chromo- 
some is believed to be the testis-determining factor 
(TDF). Under its influence Sertoli cells appear in the 
germinal layer of the primitive gonadal ridge. Germ cells 
develop into primary sex cords, which differentiate into 
seminiferous tubules at around the 7th fetal week. At 
7-8 weeks’ gestation, Sertoli cells in the seminiferous 
tubules produce miillerian-inhibiting substance (MIS), a 
glycoprotein that causes regression of the mullerian duct 


(membrane intact here 
but subsequently ruptures) 


FIGURE 2.3. External genitalia development: indiffer- 
ent stage (6—7 weeks). 
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FIGURE 2.4. Internal genitalia at the 7th fetal 
week: late indifferent stage (final division of 
the cloaca). 
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FIGURE 2.5. Male external genitalia at the 
10th fetal week. 


GENITAL (SCROTAL) SWELLINGS 


system. At 9-10 weeks’ gestation Leydig cell formation 
results in secretion of the androgen testosterone, which 
causes the wolffian system to develop into the efferent 
ductules, epididymis, vas deferens, seminal vesicles, ejac- 
ulatory ducts, and parts of the bladder and prostatic ure- 
thra. 5a-Reductase produced in the cells of the urogeni- 
tal sinus and external genitalia converts testosterone to 
dihydrotestosterone (DHT). DHT causes the genital tu- 
bercle to lengthen into a penis. It also causes the genital 
folds to fuse, forming the penile urethra, which commu- 
nicates with the urogenital sinus after breakdown of the 
urogenital membrane at around the 7th fetal week (Figs. 
2.5, 2.6). 

Dihydrotestosterone also causes fusion of the labial 
scrotal (genital) swelling in the midline, forming the 
scrotal sacs. Prostatic development is stimulated. Rem- 
nants of the mullerian system remain as the prostatic 
utricle and the appendix testis (Fig. 2.7). The urogenital 
sinus contributes to the formation of the bladder, prosta- 
tic and membranous urethra, and prostate.12 

Later in fetal development the abdominal portion of 
testicular descent is stimulated by MIS. Inguinal and 
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FIGURE 2.6. Male external genitalia at the 12th fetal week. 


scrotal descent is a testosterone-driven process and gen- 
erally occurs during the last trimester of pregnancy or 
the first 4 months after birth. 
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FIGURE 2.7. Male internal genitalia develop- 
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FIGURE 2.10. Female external genitalia at 
the 12th fetal week. 


POSTERIOR LABIAL COMMISSURE 
- caudal fusion of genital swellings 


Female Development 


Gonadal development,8.9 without the influence of TDF, 
proceeds along ovarian lines in the primitive gonadal 
ridge. Follicular cells derive from the same cell line as 
the Sertoli cell, forming around germ cells and produc- 
ing the precursors of follicles. 

The internal ducts proceed from the development of 
the mullerian system, which is not suppressed by testicu- 
lar MIS and develops into the uterus, fallopian tubes, 
and upper vagina. The wolffian system spontaneously re- 
gresses, and remnants remain as the epoophoron and its 
duct and Gartner’s duct (Fig. 2.8). 

Without androgen stimulation, the genital tubercle be- 
comes the clitoris, and the genital folds and labial scrotal 
(genital) swellings remain unfused and form the labia 
minora and majora (Figs. 2.9, 2.10). Female develop- 
ment is not ovarian-dependent and can occur in the ab- 
sence of ovaries. 

Descent of the urogenital septum (Fig. 2.8) separates 
the urethra and vaginal openings onto the perineum. 
The urogenital sinus contributes to the lower portion of 
the vagina, vestibule, and bladder. 


Clinical Evaluation 


The clinical history should include any history of mater- 
nal drug exposure, maternal illnesses during the preg- 
nancy, and an appropriate genetic history of family 
members. Any antenatal diagnostic studies (ultrasonog- 
raphy, chemical or hormonal assays, or amniocentesis) 
should be reviewed. 1.5,8.18 

During the physical examination, inspection and pal- 
pation of the perineum and inguinal areas should be un- 
dertaken, remembering that preterm males frequently 
have undescended testes that may still descend sponta- 
neously. In addition, many normal females have adhe- 
sions of the labia minora that may lead to the appear- 
ance of a single genitourinary opening rather than 
separate urethral and vaginal orifices. In the female, the 
clitoral length should not exceed 1 cm. Phallic size is im- 
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portant if there is any consideration given to the future 
rearing of the child as a male. A normal term male aver- 
age phallic size is measured along the dorsum from the 
symphysis pubis to the tip of the stretched glands. The 
average size at term is 3.5 + 0.4 cm. A phallic size of less 
than 1.5-2.0 cm is a cause to be concerned about male 
rearing. 


B 


FIGURE 2.11. (A) External genitalia of a female pseudoher- 
maphrodite with congenital adrenal hypertrophy. (B) External 
genitalia of a male pseudohermaphrodite. 
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The position and degree of fusion of the scrotum is 
important, as is the presence of gonadal tissue and its po- 
sition above or below the inguinal ring. Because MIS ap- 
pears to initiate testicular descent into the groin, there is 
a correlation between palpable gonads and the absence 
of mullerian structures (uterus and tubes). The normal 
male scrotum should be fused in the midline and lie be- 
low the phallus. The external genitalia of a masculinized 
female pseudohermaphrodite can appear similar to the 
bilateral cryptorchism and hypospadias of the male 
pseudohermaphrodite (Fig. 2.11). 


Laboratory Studies 


A karyotype can usually be determined in 48-72 hours 
using peripheral blood, and bone marrow samples can 
provide an answer in less time if necessary.5 Other 
studies on the newborn include appropriate blood 
chemistries (serum sodium, potassium, glucose) and en- 
docrine studies (serum levels of gonadotropin, DHT, 
testosterone, various adrenal steroid levels, and MIS). 


Causes of Ambiguous Genitalia 


A wide variety of abnormalities of sexual differentiation 
and development of the genital tract can result in several 
basic categories of isolated ambiguous genitalia.1,2.8 


Virilization of the Female Fetus 


Female pseudohermaphroditism (FPH) occurs when 
there are varying stages of virilization of a 46,XX kary- 
otype female. It has been reported to account for one- 
third of patients seen with intersex abnormalities. 
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Female pseudohermaphroditism may result from fetal 
exposure to endogenous or exogenous androgens in 
utero. Exogenous sources can come from maternal in- 
gestion of androgenic substances or a maternal virilizing 
tumor. More commonly, endogenous sources come from 
congenital adrenal hyperplasia (CAH). This abnormality 
is due to several single, autosomal genetic defects that 


produce a variety of enzyme deficiencies in steroid for- 
mation (Table 2.1). 


1. 21-Hydroxylase deficiency in the production of aldo- 
sterone results in excess production of androgens and a 
deficiency in mineralocorticoids and glucocorticoids. 
Severe and mild forms account for about 95% of cases of 
virilization due to CAH. With the severe form, salt loss 
due to aldosterone and cortisol deficiency can be life- 
threatening and constitute a medical emergency. 

2. 11-Hydroxylase deficiency, with salt retention due to 
excessive production of deoxycorticosterone, is a less 
common cause of ambiguous genitalia. 

3. 3@-Hydroxysteroid dehydrogenase deficiency, with re- 
duced production of cortisol, aldosterone, and testos- 
terone, is less common. It is associated with severe salt 
loss and a high infant mortality. Only minimal viriliza- 
tion occurs as a result of increased levels of dehydro- 
epiandrosterone, a weak androgen precursor. 


Congenital adrenal hyperplasia should be suspected if 
there is genital skin hyperpigmentation and rugation of 
the scrotum in the absence of palpable gonads. Inter- 
nally, normal ovaries and the uterus are present, and so 
these patients have normal fertility potential. 


Undervirilization of the Male Fetus 


The male pseudohermaphrodite (MPH) reportedly ac- 
counts for another one-third of patients seen with sexual 


TABLE 2.1. Gene defects producing enzyme deficiencies in steroid formation. 


Mineralocorticoid Glucocorticoid Androgen 

Cholesterol 
120,22 DES? 

Pregnenolone 17-OH? 17-OH Pregnenolone 17,20-DES? DHEA 
13B-HSD*” > 136-HSD*? > 13B-HSD?? 

Progesterone 17-OH? 17-OH Progesterone 17,20-DES? Androstenedione 
121-OH? > 121-OH? > 1178-HSD? 
11-DOC 11-Deoxycortisol Testosterone 
411-OH! 411-OH? L5a-R? 

Corticosterone Cortisol DHT 
LAldosterone 


eee 
DOC = deoxycorticosterone; DHEA = dehydroepiandrosterone; DHT = dihydrotestosterone; HSD = Hydroxysteroid 
dehydrogenase; OH = hydroxylase; DES = desmolase; R = reductase. 


“ Deficiency/defect leading to male pseudohermaphroditism. 


> Deficiency/defect leading to congenital adrenal hyperplasia (CAH): female pseudohermaphroditism. 
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ambiguity. They are genetic males with deficiency in vir- 
ilization of the external genitalia due to several etiolo- 
gies.2,8,14 


1. Autosomal recessive traits can result in deficient 
biosynthesis of testosterone. These abnormalities include 
defects in 3f-hydroxysteroid dehydrogenase (as also 
seen in FPH), 20,22-desmolase, 17,20-desmolase, 17ß- 
hydroxysteroid dehydrogenase, and others (Table 2.1). 

2. MPH can result from the inability to convert testos- 
terone to DHT from the autosomal recessive defect of 
5a-reductase (Table 2.1). 

3. Another cause of MPH is the absence or impaired 
binding of androgen receptors, the complete expression 
of which can lead to an X-linked recessive trait, the tes- 
ticular feminization syndrome. In this syndrome 46,XY 
male karyotypes have a female phenotype, with normal 
female external genitalia. However, MIS function leads 
to an absence of mullerian structures, resulting in a lack 
of formation of the uterus, fallopian tubes, and upper 
vagina. Although the individual is unable to bear chil- 
dren, there is subsequent good breast development and 
the potential for adequate female sexual function. 

4. Placental insufficiency and exposure to such drugs as 
barbiturates, hydantoins, cimetidine, and spironolac- 
tone have been implicated as interfering with androgen 
production and virilization. 

5. Leydig cell hypoplasia has been implicated as a rare 
cause of MPH. 


Disorders of Gonadal Differentiation 


True hermaphrodism is the rarest intersex disorder.!.28, 
9,12,14 Both ovarian and testicular gonadal tissue is pres- 
ent in either separate gonads or in combination as an 
ovotestis. Therefore the gonads may be bilateral ovo- 
testes (20%), an ovary or testis on one side and an 
ovotestis on the other side (40%), or an ovary on one 
side and a testis on the other (40%). The ovarian tissue, 
by established criteria, must contain primordial follicles, 
and the testicular tissue must have well formed seminif- 
erous tubules with germ cells. | 

Because the development of the wolffian and muller- 
ian system is gonad-dependent, an ovary is often associ- 
ated with an ipsilateral fallopian tube and a testis with an 
ipsilateral vas deferens. Most ovotestes have an associ- 
ated epididymis, and most of these patients have a uro- 
genital sinus and a uterus. 

Fifty eight percent of true hermaphrodites have a 
46,XX karyotype. Less commonly, the karyotype is 46, XY 
or the mosaic 46,XX/46,XY, or 46,XX/47,XXY. 

Gonadal dysgenesis syndromes account for another one- 
third of patients seen for ambiguous genitalia. This ab- 
normality is characterized by some form of dysgenetic 
gonadal development. Many have a 45,X/46,XY kar- 
yotype, with a dysgenetic testis on one side and a streak 
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ovary on the other (also referred to as mixed gonadal 
dysgenesis). These patients usually have a miullerian 
structure on the streak gonad side and a wolffian struc- 
ture on the dysgenetic testicular side. Ovarian dysgenesis 
may be related to the absence of one of the X chromo- 
somes, thus explaining the observation that more than 
50% of these patients have some physical features of 
Turner syndrome. The gonads in these patients are 
prone to neoplastic transformation, which often is a be- 
nign gonadal blastoma. There is also a high risk for the 
development of Wilms’ tumor. 


Imaging 


Diagnostic imaging should be carefully correlated with 
the history, physical findings, and appropriate genetic 
and laboratory studies. The immediate imaging workup 
should involve abdominal and pelvic sonography. These 
examinations can be done rapidly, without sedation, im- 
mobilization, or the use of contrast agents; and they can 
be done as a portable study if necessary. Sonography al- 
lows assessment of the internal genitalia. The uterus, 
cervix, and vagina usually can be well visualized by ultra- 
sonography in a newborn. Their presence aids in differ- 
entiating a virilized female from a cryptorchid, hypospa- 
dias male, as the external genitalia in either case may 
appear similar. 

Cystography and genitography can be performed by 
the catheter or flush technique. Depending on the ap- 
pearance of the external genitalia, the flush technique 
may be more helpful when there is a single orifice to be 
evaluated. Otherwise, separate catheterizations may be 
possible into the urinary system and genital system. 
These studies, combined with sonography, clearly show 
the presence of miullerian structures in a female pseudo- 
hermaphrodite (Figs. 2.12, 2.13, 2.14). 

In the male pseudohermaphrodite, these studies dem- 
onstrate the absence of a uterus and vagina (Fig. 2.15). 
Millerian remnants such as utricular cysts may be found 
in males with hypospadias (Fig. 2.16). These studies may 
be helpful in patients with gonadal dysgenesis or true 
hermaphroditism, revealing the nature of the internal 
genitalia (Fig. 2.17). Sonography, genitourography, and 
voiding cystourethrography also allow evaluation for un- 
derlying urinary tract anomalies that are closely related 
to genital abnormalities. 

Skeletal plain films may be necessary to evaluate for 
underlying bony anomalies, especially in the area of the 
lumbosacral spine. Skeletal films may be helpful when 
there is a suspected underlying skeletal dysplasia. _ 

Magnetic resonance imaging (MRI) can help locate 
gonadal tissue that may not be clinically palpable or 
demonstrable by ultrasonography (Figs. 2.18, 2.19). MRI 
has also been shown to be useful for differentiating be- 
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FIGURE 2.13. Sagittal pelvic sonogram from a female newborn 
with female pseudohermaphroditism showing a normal uter- 
ine structure (arrow) lying posterior to the bladder. 


FIGURE 2.14. Genitogram by the multiple catheter technique 
in a masculinized female with cliteromegaly. A vagina with uter- 


ine cervical impression (arrow) is seen lying posterior to the 
bladder. 


C 


FIGURE 2.12. (A) Abdominal sonogram showing enlarged 
adrenal glands in a female pseudohermaphrodite with congen- 
ital adrenal hyperplasia. (B) Sagittal pelvic sonogram of the 
same patient showing the presence of a normal uterus (arrow). 
(C) Genitogram by the multiple catheter technique of the 
same patient shows the vagina with a normal cervical impres- 
sion superiorly (arrow). A short common channel (arrowhead) 
below the junction of the vagina and urethra results from fail- 
ure of full descent of the urogenital septum. Thus there is a 
common, single perineal opening for the urethra and vagina. 
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FIGURE 2.15. Transverse pelvic sonogram of a newborn male 
pseudohermaphrodite with cryptorchism and severe hypospa- 
dias. There is no evidence of any mullerian structures posterior 
to the bladder. 


A 


FIGURE 2.17. (A) Genitogram using the flush technique with a 
syringe held over a single perineal orifice. This newborn had a 
mosaic chromosomal pattern of XY/XO and gonadal dysgene- 
sis. Note a vaginal structure (arrow) communicating with the 
urethra. (B) Delayed spot film of the same patient after void- 
FIGURE 2.16. Voiding cystourethrogram in a 3-year-old boy with ing shows filling of a uterus (arrow) above the vagina. Subse- 
hypospadias and recurrent epididymitis. A utricular cyst (ar- quent surgical exploration confirmed the presence of a vagina 
row) lies posterior to the bladder and communicates with the and uterus and revealed a streak gonad on the left and testicu- 
posterior urethra. The cyst was removed surgically. lar tissue on the right. 
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FIGURE 2.18. Sonography reveals a right inguinal testis in a 
male newborn with severe hypospadias and bilateral unde- 
scended testes. A testis could also be demonstrated by sonogra- 
phy in the left inguinal area. 


FIGURE 2.19. (A) Proton density weighted coronal MRI scan of 
the pelvis in an 1l-month-old male infant with undescended 
testes. Note the empty scrotal sacs (arrows) below the penis. 
(B) T2-weighted axial MRI scan of the same patient demon- 
strates an undescended testis (arrow) in the left pelvis. Note 
the linear hypointense structure within the testis, representing 
the mediastinum testis. The right testicle was not identified. 
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tween the penis and clitoral hypertrophy,15.16 where sup- 
porting structures of the penis such as the bulbospongio- 
sus muscle and posteriorly located transversus perinei 
muscle are not seen in the female pseudohermaphrodite 
with clitoral hypertrophy. MRI, in addition to confirm- 
ing the internal genitalia found on sonography, can be 
used to evaluate the spine and neural structures when 
there are associated neuromuscular abnormalities. 
Additionally, when hormonal studies suggest an un- 
derlying adrenal neoplasm, MRI may be used for further 
evaluation. Finally, MRI is useful for studying gonadal 
neoplasms that develop in dysgenetic gonads, gonads of 
the true hermaphrodite, and the undescended testis. 
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Imaging of Benign Conditions of the Bladder: 
Urography/Cystography/Ultrasound/CT 


Marco A. Amendola 


The bladder occupies the anterior half of the pelvis, 
bounded in front and at the sides by the symphysis pubis 
and the diverging walls of the pelvis and behind by the 
rectovesical septum. Flattened superiorly when empty, it 
becomes globular as the urine fills it. In the average 
adult it has a capacity of about 500 ml of urine.! The two 
basic functions of the urinary bladder are the storage 
and intermittent emptying of urine under conscious vol- 
untary control. 


Cystography 


The moderately distended urine-filled bladder can be 
routinely visualized, outlined by perivesical fat, on the 
plain film of the abdomen. The plain radiograph (pre- 
liminary film, “scout film”) is an essential initial part of 
intravenous urography or cystography. Accurate localiza- 
tion and delineation of gas in the lumen or wall of the 
bladder, as with emphysematous cystitis (Fig. 3.1), and of 


FIGURE 3.1. Emphysematous cystitis: plain radiograph demon- 
strates a radiolucent line corresponding to gas in the bladder 
wall (arrow). 


radiopaque stones and other radiodensities before they 
are obscured by intravesical contrast (Fig. 3.2) are some 
of the reasons to obtain this initial film routinely. An ad- 
ditional wealth of information about the skeletal and 
soft tissue shadows of the pelvis can be gleaned from the 
plain radiograph of the pelvis.2 


Contrast Media for Cystography 


The urinary bladder can be directly visualized radi- 
ographically when opacified with iodinated contrast ma- 
terial injected intravenously during excretory urography 
or directly instilled at retrograde cystography; less com- 
monly it is instilled via antegrade puncture or intro- 
duced via an indwelling suprapubic catheter. 

Since 1910, when Cunningham first performed cys- 
tourethrography with 50% colloidal silver protein com- 
plex (Argyrol), many other contrast materials including 
iodized oil (Lipiodol), barium sulfate, and sodium io- 
dide have been used.3 All of these materials have been 
abandoned because of complications related to oil em- 
bolizations, barium impactions, and severe irritation of 
the bladder mucosa.4-6 Meglumine salts of diatrizoate 
and iothalamate are currently the most commonly used 
contrast media for cystography. Meglumine salts are less 
irritating to the bladder mucosa.5 Animal experimenta- 
tion by McAlister et al. showed an appreciable inflamma- 
tory response evoked by 30% Cystokon, Hypaque 25%, 
and Renografin —30 in the bladder.” This reaction de- 
creased significantly when the media were administered 
by gravity drip instead of injected by hand and were re- 
duced 50% in concentration. In subsequent clinical 
studies McAlister and Griffith showed that Cysto-Conray 
(iothalamate meglumine) 17.2% (81 mg I/ml) and Hy- 
paque-Cysto (diatrizoate meglumine) 10% (47 mg I/ml) 
had no histologic effect on the bladder and were ade- 
quate for visualization of refluxing ureters, bladder out- 
lines, and the urethra.8 For delineation of bladder 
masses, concentrations of 5% (24 mg I/ml) appeared 
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FIGURE 3.2. (A) Poorly opaque bladder calculi (arrow) could be easily overlooked in the scout film. (B) After contrast opacifica- 


tion of the bladder, the stones are completely obscured. 


preferable. Solutions containing 15% (weight/volume) 
contrast media are currently considered optimal for cys- 
tography. Higher concentrations result in dense opacifi- 
cation of the bladder, which may preclude identification 
of subtle abnormalities: Cystographic media concentra- 
tions of 20% (94 mg I/ml) and higher obscure Foley bal- 
loons in the bladder. Instillation of additional air or gas 
(COQ,) for double-contrast cystography or pneumocys- 
tography for delineation of bladder lesions is no longer 
used; it has been superseded by ultrasonography (US), 
computed tomography (CT), and magnetic resonance 
imaging (MRI), which provide superior detail and are 
less invasive. 

Although severe reactions to contrast from cystogra- 
phy are rare, they do occur.9 Absorption of contrast from 
intact bladder mucosa has been documented.!0 Other 
modalities, such as plain CT, US, nuclear cystography, 
and MRI may be considered alternatives in patients with 
a history of a severe reaction to contrast or other poten- 
tial contraindication to cystography, such as latex allergy 
or active urinary tract infection. Premedication with 
steroids and use of nonionic, low osmolar contrast mate- 
rial may be helpful in selected cases (see Chapter 32). 


Indications 


Common indications for the voiding cystourethrogram 
(VCUG) in the adult include trauma to the pelvis (see 
Chapter 6), repeated urinary tract infections, any type of 
voiding dysfunction including neurogenic bladder (see 
Chapter 4), incontinence (Chapter 5), and in the male 


patient suspected urethral strictures (see Chapter 21) 
and other causes of bladder outlet obstruction. In chil- 
dren the four most common indications for cystography 
are urinary tract infection (UTI), previously diagnosed 
vesicoureteral reflux, antenatally detected renal anom- 
alies, and neurogenic dysfunction of the bladder.!! Dur- 
ing the first year of life boys and girls present in similar 
numbers, mostly with anomalies of the upper urinary 
tract, myelomeningocele, cloacal anomalies, bladder 
exstrophy, and imperforate anus. Between 2 and 8 years 
of age, UTI is the most common indication, with girls 
outnumbering boys 4:1. 


Technique 


Catheterization of the bladder should be accomplished 
in a sterile, atraumatic, painless fashion. In infants and 
children an 8F polyethylene feeding catheter lubricated 
with 2% lidocaine jelly is preferred, except in small pre- 
mature infants in whom a 5F catheter may be needed. 
Because of the potential for latex allergy, catheters 
and gloves made of latex should be avoided in patients 
with myelomeningocele, cloacal anomalies, and exstro- 
phy.12.13 In adults, filling the bladder with contrast is usu- 
ally accomplished with a Foley catheter because of its 
self-retaining characteristics. 

In males, resistance to advancement of the catheter is 
frequently due to a contracted external sphincter. Gen- 
tle forward pressure exercised at this point simultane- 
ously asking the patient to pretend that he is voiding (to 
open the sphincter) is usually successful. Another help- 
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ful preventive/curative maneuver is to anesthetize the 
urethra with 2% lidocaine jelly injected with an acorn tip 
syringe and then holding the meatus closed for a few 
minutes. In any instance where there is undue resistance 
or if there is any question regarding the proper position 
of the catheter, one should not hesitate to use fluo- 
roscopy and even inject a small amount of contrast via 
the catheter to clarify the situation. Careful injection of 
contrast under fluoroscopic observation may reveal the 
presence of urethral strictures or other abnormalities 
such as a large prostate deforming the urethra causing 
the problem. Occasionally the use of a Coudé, curved-tip 
catheter is helpful in these patients. In females, a not un- 
common technical error is unintentional catheterization 
of the vagina. In this situation, no urine is obtained un- 
less the patient has just voided with vaginal reflux. Ure- 
thral catheterization is facilitated if the erroneously 
placed vaginal catheter is left in situ to serve as a land- 
mark and a second catheter is placed superior to it, as 
the urethral meatus lies just above the introitus. For fur- 
ther details on the technique and pitfalls of urethral 
catheterization in children the reader is directed to the 
excellent paper by Zerin and Lebowitz.!4 Once the blad- 
der is entered the amount of residual urine obtained is 
noted; and if indicated, pertinent urine samples are sent 
for culture and sensitivity tests. We do not routinely em- 
ploy antibiotic prophylaxis prior to cystography, al- 
though some authors have recommended it, especially 
in children, to prevent infection secondary to instru- 
mentation of the lower urinary tract.!5 Cystourethrogra- 
phy should not be performed in patients with active in- 
fections. 

Once the bladder is catheterized, filling with contrast 
is accomplished by hand injection or preferably by the 
gravity drip method. Bladder perforation from overdis- 
tention or excessive intravesical bladder pressure is one 


of the recognized hazards of cystography. Intermittent 


fluoroscopy is highly recommended in patients suscepti- 
ble to this problem, such as patients with recently oper- 
ated bladders or with small-capacity bladders. 

The occurrence of bladder mucosal tears with self- 
limiting extravasation in patients with “unused” bladders 
from chronic renal failure, usually being evaluated for 
possible renal transplantation, is well recognized.16-19 
The existence of an abnormally increased tone in the 
unused bladder and the steeper pressure-volume curve 
at low intravesical volumes have been implicated. Pa- 
tients seem to be at increased risk if a Foley catheter is 
used, as it may occlude the bladder outlet. A case of ex- 
travasation of contrast during VCUG has been described 
in a patient without a history of renal failure or “unused” 
bladder in whom a nonretention catheter had been 
used.20 Fortunately, these episodes are self-limiting, with 
patients remaining asymptomatic or with minimal dy- 
suria. 16-20 
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Brief, intermittent fluoroscopy is used to monitor blad- 


der filling and emptying. We routinely obtain an antero- 


posterior (AP) spot film of the bladder during early fill- 
ing to document any abnormality that may be obscured 
by contrast in the subsequent full bladder views. Both 
oblique views (to include the ureterovesical junctions ar- 
eas) are then obtained. After catheter removal, views of 
the urethra in the oblique projection are obtained dur- 
ing voiding under fluoroscopic observation. A full size 
postvoid AP overhead view (14 X 17 film in the adult) is 
obtained to estimate the postvoid residual and to ensure 
that any previously unnoticed reflux to the kidneys is not 
overlooked. Appropriate additional radiographs are ob- 
tained to document any abnormality observed under flu- 
oroscopy. If vesicoureteric reflux does occur, its presence 
and grade should be documented, including spot films 
of the kidneys (Fig. 3.3). 

As always, the ideal radiologic goal is to obtain the de- 
sired clinical information while delivering the least radi- 
ation dose to the patient and personnel. Fluoroscopy 
time and number of radiographic films and fluoroscopic 
and 105-mm camera spot films should be kept to the 
minimum necessary to establish a definitive diagnosis. 
Sharp collimation, use of rare earth screens, and other 
efforts to reduce radiation exposure without compromis- 
ing diagnostic quality are always important. This point is 
especially true for infants and children in whom it has 
been estimated that 25% of genetically significant irradi- 
ation is related to imaging of the urinary tract.2! En- 
trance exposures measured in 50 children ranged from 
287 mrad to 5.7 rad with gonadal doses ranging from 70 
mrad to 1.1 rad in males and from 27 to 125 mrad in fe- 
males in work published in 1980.22 Other reported esti- 
mates of average doses to the ovaries during fluoroscopic 
VCUG have ranged from 252 to 1000 mrad to the ovaries 
and from 68 to 300 mrad to the testes.23 

A more recent advance is the development of digital 
fluoroscopy. In digital systems, instead of recording the 
images directly onto film with a photospot camera, an 
electronic system captures the image using a high resolu- 
tion television camera. The video image is digitized and 
stored in a digital disk for later image recall and hard- 
copy filming. The lower dose required with digital imag- 
ing chains, compared with film screen imaging chains, 
allows a reduction of milliampere seconds per image. Us- 
ing a digital system Cleveland et al. were able to reduce 
the dose by 50% compared with 105 mm spot films.23 
For comparison the reported bladder dose for radionu- 
clide VCUG is 30 mrad and the ovarian dose 4-5 
mrad.24 A difference in ovarian dose of about 62 mrad 
between fluoroscopic and radionuclide cystography 
found by Cleveland et al.23 in children less than 5 years 
old needs to be weighed against the better anatomic res- 
olution of a fluoroscopy study compared with a radionu- 
clide cystogram. 
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FIGURE 3.3. (A) Vesicoureteric reflux (VUR) in the left side 
documented during VCUG. (B) VUR to the lower pole of a du- 
plicated system becomes evident during VCUG. Note nonvisu- 
alized upper moiety and concave upper border of the renal 
pelvis somewhat resembling a “drooping lily” deformity. (Case 
courtesy of Chris Zaleski, MD.) 


Vesicoureteric Reflux 


Vesicoureteric reflux (VUR) is the retrograde flow of 
urine from the bladder into the ureter and usually the 
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pelvicalyceal system. It is now evident that most reflux is 
primary and due to maldevelopment or immaturity of 
the ureterovesical junction (UVJ). Reflux provides a 
pathway for the ascent of bacteria from the bladder into 
the kidney. The strong association between reflux and 
renal damage due to UTIs is well documented in the lit- 
erature as evidenced by introduction of the term reflux 
nephropathy for chronic pyelonephritis.25 If VUR is 
present, renal cortical abnormalities are visible on 
DMSA scintigraphy in 79-86% of the kidneys.26 

The only efficient, accurate, reproducible methods to 
detect and characterize reflux are the fluoroscopically 
monitored VCUG and the radionuclide cystogram.?7 
These tests are more complementary than competitive. 
The VCUG is mainly used as the first test for reflux in a 
child who has had a UTI and is suspected of having re- 
flux or in whom the detection of reflux would change 
management. VCUG was the test used to detect and 
characterize reflux in the International Reflux Study in 
Children (IRSC).28 

Intravenous urography (IVU) and US are relatively in- 
sensitive methods for detecting the presence of reflux; 
that is, a normal IVU or US does not exclude significant 
reflux.29,30 Reasons for this are that: (1) IVU and US pro- 
vide only brief glimpses of the kidney over a short time 
(reflux is a dynamic phenomenon occurring in waves 
many times during the day, or in 20% of cases only dur- 
ing voiding3!); (2) although it is well known that reflux 
of infected urine can cause renal scarring, scars take 4-6 
months to develop after an episode of pyelonephritis, so 
images of a recently infected kidney may still be normal 
on IVU or US.29 Possible damage to the kidneys can be 
evaluated later by subsequent IVU, US, or nuclear renog- 
raphy. It must be noted that once reflux is discovered 
IVU must be done with a catheter draining the bladder 
to prevent the reflux and the artifacts it causes.27 

The accuracy of VCUG, especially in neonates and in- 
fants, is improved by observing several cycles of filling 
and voiding (cyclic VCUG).32 Adequate bladder filling 
(predicted from the patients’ weight and age) should be 
achieved; otherwise the presence of reflux may be under- 
estimated because the volume at which reflux occurs may 
not have been reached. Because the volume of urine 
passing down the ureter affects the amount of reflux, 
studies done during brisk diuresis, as induced by a di- 
uretic such as furosemide, underestimate the degree of 
reflux or miss it altogether. If VUR is found during 
VCUG, images should be obtained when it is maximum, 
because it is the maximum degree of reflux that deter- 
mines reflux grade. Images of reflux into the calyceal sys- 
tem should include the entire kidney so intrarenal reflux 
can be detected (Fig. 3.3). The UVJ area should be exam- 
ined carefully. Demonstration of ureteral insertion into a 
diverticulum is of great therapeutic importance, as the re- 
flux does not resolve spontaneously in these patients.33 
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FIGURE 3.4. Grading of VUR according to the In- | 
ternational Reflux Study Committee. 


The grading system used in the IRSC was based on the 
degree of dilatation of the pelvicalyceal system and the 
calyceal fornices, the appearance of the impressions 
of the papillae on the calyces, and the amount of dilata- 
tion and tortuosity of the ureter.34 Grades of reflux range 
from 1 to 5, with grade 5 being the most severe (Fig. 3.4). 

The IRSC grading helps monitor one patient over 
time and compare patients and groups of patients. If 
VUR is present, the rate and completeness of drainage 
must be determined before the examination is com- 
plete. Only then can coexistence of obstruction at the 
ureteropelvic35 or ureterovesical36 junction be identi- 
fied. Whenever VUR is detected the images are carefully 
analyzed to ensure that is not in one pole (usually the 
lower) of a duplicated collecting system. (Fig. 3.3) An ef- 
fort is made to estimate the distance from the UV] to the 
bladder neck in order to identify intravesical ureteral ec- 
topia. The identification of voiding dysfunction coexis- 
tent with reflux is important (see Chapter 4). 

Radionuclide cystography is performed in the same 
way as the radiographic VCUG with intermittent fluo- 
roscopy, except that the contrast material is a radionu- 
clide solution and continuous monitoring is performed 
with a gamma camera. Any activity seen in the ureter or 
collecting system indicates reflux. The two great advan- 
tages of this method are (1) improved ability to detect 
VUR with fewer false negatives due to its continuous 
monitoring and (2) markedly reduced radiation doses. 
Its main drawback is that its spatial resolution and hence 
its ability to characterize reflux are poor. Lebowitz rec- 
ommended performing VCUG initially in all young chil- 
dren with UTIs to detect and precisely characterize VUR 
so as to enable intelligent management planning.27 In 
older patients, when it is less likely that reflux is present 
but is still desirable to ensure that reflux is not occur- 
ring, radionuclide cystography is performed. If VUR is 
present, a decision is made on an individual basis as to 
whether additional characterization by VCUG is needed. 

Radionuclide cystography is also used for family 
screening, for periodic follow-up of VUR being managed 
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nonoperatively, and to ensure that VUR has been elimi- 
nated after antireflux surgery. There has been increasing 
recognition of the familial occurrence of VUR. A high 
rate of reflux transmission from parent to child is evi- 
dent, and it appears to be even higher than the rate of 
reflux experienced in siblings. The inheritance of VUR 
is further confirmed by its significantly reduced inci- 
dence in Blacks.37 


Bladder Imaging 


Computed Tomography 


Conventional non-contrast-enhanced CT shows the nor- 
mal bladder distended with urine, in cross section, as a 
round or oval midline pelvic structure with a thin, 
smooth wall outlined peripherally by perivesical fat and 
internally by near water-density urine (0 Hounsfield 
units (HU) to 10 HU). When the bladder is filled with 
urographic-type contrast material, its wall is almost im- 
perceptible owing to partial volume effects between the 
contrast and the bladder wall. Streak artifacts that de- 
grade image quality occur when scanning the bladder 
full of high-attenuation iodinated contrast. To solve this 
problem, a low-density opacification technique can be 
used wherein a controlled volume of dilute iodinated 
contrast is instilled into the bladder via a Foley 
catheter.38 An inherent limitation of conventional axial 
CT is poor evaluation of the regions of the bladder 
dome and base owing to its axial plane of imaging. Di- 
rect sagittal and coronal scans are possible with scanners 
that have a sufficiently large gantry opening.39 The tech- 
nique is cumbersome, though, and technical advances 
with the advent of spiral CT (also called helical CT) has 
markedly improved the quality of multiplanar recon- 
struction and three-dimensional images.49 During heli- 
cal CT scanning, the patient is advanced through the 
gantry at a continuous rate, which essentially eliminates 
respiratory misregistration artifacts of the CT data. For 
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further discussion of CT anatomy and technique, see 
Chapter 9. 


Ultrasonography 


Another technique commonly used to evaluate the blad- 
der and its pathologic conditions is ultrasonography 
(US). The bladder can be studied with US using a trans- 
abdominal, transrectal, or transurethral approach. 
Transabdominal US is readily available and inexpen- 
sive, and it has the ability to obtain direct views of the 
bladder in multiple imaging planes (Fig. 3.5). By obtain- 
ing precise measurements of the height (dı), breadth 
(dy), and length (ds) of the bladder, accurate estimates 
of bladder volume are possible using the simplified for- 
mula for the volume of an ellipsoid: V = 0.52 X dı X do 
X d3.41,42 A practical application of this technique is esti- 
mation of the postvoid residual (PVR) using transab- 
dominal US instead of catheterization (Fig. 3.6). With a 
3.5 or 5.0 MHz real-time transducer, preferably a sector 
scanner, transverse and longitudinal views of the blad- 
der are obtained 1-2 cm apart from the umbilicus to 
the symphysis pubis, with mineral oil or other coupling 
agent being applied on the skin. The widest diameter in 
the transverse scan is measured (d; = breadth), and the 
anteroposterior diameter is measured (dọ = height) on 
the same scan. The greatest cephalocaudad diameter is 
taken from the longitudinal scans (dą = length). Be- 
cause part of the bladder lies under the pubic bone, it is 
necessary to angle the transducer caudally in an approx- 
imate 45 degree angle to obtain the accurate bladder 
length. Roehrborn and Peters used this method in 
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FIGURE 3.6. (A) Widest transverse and anteroposterior diame- 
ters of the full bladder (cursor markers) on an ultrasound view 
obtained in the transverse plane using the transabdominal ap- 
proach. (B) Similar measurements obtained after the patient 
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FIGURE 3.5. Ultrasound scan of the bladder in the longitudinal 
plane using a transabdominal approach. Note the presence of 
a Foley catheter balloon within the bladder lumen. 


81 patients and then measured the PVR by cath- 
eterization.42 The correlation between actual and pre- 
dicted volumes was excellent with a correlation coeffi- 
cient of r = 0.982. No fluid was detected by US in 13 of 
the 81 patients. Their subsequent catheterization re- 
vealed PVRs between 0 and 20 cc, which was not consid- 
ered pathologic. 


voided. Longitudinal measurements (not shown) were also ob- 
tained in order to use the formula for the prolate ellipsoid to 
calculate the pre- and postvoid bladder volume by ultrasonog- 
raphy. (Case courtesy of Axel Sabala, RDMS, Miami.) 
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For standard US evaluation of the bladder the only pa- 
tient preparation needed is a full bladder, which can be 
achieved by increasing oral or intravenous fluids or by 
instilling sterile fluids in the bladder via catheterization. 
Using appropriate gain settings the bladder wall can be 
seen in most patients. The more echogenic mucosa can 
be distinguished from the more echolucent detrusor 
muscle. The thickness of the bladder wall can be evalu- 
ated with US, but it is essential to do it with a distended 
bladder. With a less than full bladder the wall may ap- 
pear spuriously thickened and irregular. The normal 
bladder wall varies in thickness from 3 mm when com- 
pletely full to 5 mm when partially empty.43.44 

The smoothly angled intramural portions of the 
ureters traversing the bladder wall can be seen in well hy- 
drated patients.45 The ureteral orifices are associated 
with a focal elevation of surrounding mucosa at the base 
of the trigone along the posterior aspect of the bladder. 
Ureteral jets consist of intermittent bursts of echogenic 
stream entering the bladder from the region of the 
trigone on gray-scale sonography (Fig. 3.7). The most 
well accepted explanation for this phenomenon is that 
these reflections are caused by differences in density be- 
tween the urine in the bladder and the urine exiting the 
ureter.46,47 Conventional duplex Doppler US and color 
Doppler US have been used to evaluate ureteral jets and 
their relation to ureteral obstruction.48-50 In patients 
with ureteral calculi producing high grade obstruction, 
ureteral jets show asymmetry when evaluated with color 
Doppler US. This asymmetry may manifest as a complete 
absence of detectable jets in the symptomatic side or a 
continuous low-level flow from the symptomatic side.48 


FIGURE 3.7. Ureteral jet phenomenon documented by ultra- 
sonography. 
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Patients with normal jets never have high grade obstruc- 
tion. It has also been suggested that the presence of the 
ureteral jet phenomenon can be used as a marker to ex- 
clude VUR in children.51 


Congenital Anomalies 


The major congenital anomalies of the bladder can be 
classified as: bladder agenesis, hypoplasia, duplication 
anomalies, cloacal exstrophy and epispadias, prune-belly 
syndrome, persistent urachus and associated anomalies, 
and diverticula. 


Bladder Agenesis and Hypoplasia 


Agenesis of the urinary bladder is a rare anomaly usually 
associated with absence of the urethra and other con- 
genital anomalies incompatible with life, such as absence 
of the kidneys and ureters and anencephaly.52 Hypoplas- 
tic, or “dwarf,” bladder is also rare. It is associated with a 
small contracted bony pelvis and absent kidneys.53 


Duplication Anomalies 


Complete bladder duplication occurs when there are 
two bladders lying side by side, each draining through a 
separate urethra. Each bladder receives a ureter from 
the ipsilateral side. This is a rare anomaly with fewer 
than 50 cases reported since 1871.54 In cases of incom- 
plete duplication, there is free communication between 
the two halves, and they empty through a common ure- 
thra. The incidence of accompanying anomalies is much 
less than with complete bladder duplication.55 A partial 
or complete septum is present in some instances result- 
ing in sagittal or frontal divisions or a multiseptated blad- 
der. Another congenital abnormal compartmentaliza- 
tion of the bladder is the “hourglass bladder” in which a 
transverse indentation divides the bladder into upper 
and lower chambers.56 This appearance may be simu- 


lated by a large diverticulum arising from the dome of 
the bladder. 


Exstrophy and Epispadias 


Exstrophy of the bladder is due to failure of midline fu- 
sion of the mesodermal constituents of the infraumbili- 
cal abdominopelvic wall. Development of the anterior 
wall of the urogenital sinus and the genital tubercle is 
defective.57 It is often referred to as the exstrophy- 
epispadias complex, with defects ranging in severity 
from cloacal exstrophy to classic bladder exstrophy and 
to less severe epispadias.58 Its incidence has been esti- 
mated to be 3.3 cases in 100,000 live births with a 
male/female ratio of 2:1.59 
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All these patients have characteristic widening of the 
symphysis pubis caused by outward rotation of the in- 
nominate bones in relation to the sagittal plane of the 
body along both sacroiliac joints (Fig. 3.8). This appear- 
ance must be distinguished radiologically from pubic di- 
astasis as the result of surgery, trauma, or pregnancy. In 
patients with cleidocranial dysostosis and in premature 
infants, the pubic bones may appear widely separated, 
which is due to failure of normal ossification of the body 
of the pubis; there is no true failure of symphysis. In se- 
vere cases of exstrophy the bladder lies open and everted 
on the anterior abdominal wall, and the bladder mucosa 
is continuous with the skin. Abnormal histology of the 
mucosa of the bladder is the rule, with changes of cystitis 
glandularis, squamous metaplasia, and acute and 
chronic inflammation being described as early as at 2 
weeks of age. 

A dreaded complication is malignancy, most com- 
monly adenocarcinoma of the bladder, especially in un- 
treated cases due to chronic irritation. Squamous car- 
cinoma and rhabdomyosarcomas have been rarely 
reported. The inherent malignant potential of the 
closed exstrophy of the bladder has not been deter- 
mined. The kidneys are almost always normal at birth. 

The distal ureters have a bulbous appearance that has 
been referred to as a “hockey stick” configuration or, ac- 
cording to E.B.D. Neuhauser, a “hurly” stick from the tra- 
ditional Irish game of hurling.57 The ureters have an al- 
most horizontal course as they enter the bladder instead 
of the normal oblique intramural course. These ureters, 
however, function normally and this configuration 
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should not be interpreted as a sign of obstruction. For 
many years cystectomy and internal diversion by means 
of ureterosigmoidostomy (U-SIG) was the mainstay of 
surgical management (Fig. 3.8). U-SIG is no longer used 
because, despite being a continent diversion (in a pa- 
tient who has control of the rectal sphincter), it has 
many drawbacks, including deterioration of renal func- 
tion due to repeated urinary infections, nephrolithiasis, 
hyperchloremic acidosis (due to increased absorption of 
chloride and urea), and development of carcinoma at 
the colonic side of the anastomosis on long-term follow- 
up. Reflux also occurred when antirefluxing submucosal 
ureteral tunnels were not created. A “gas pyelogram” 
could be seen in those patients with demonstration of 
gas in the calyces, pelvis, or ureters (Fig. 3.9). For these 
reasons reversal of the diversion (“undiversion”) is usu- 
ally undertaken in patients with a U-SIG performed in 
the past. 

The risk of adenocarcinoma of the colon in exstrophy 
patients following U-SIG has been estimated to be 7000 
times that of the general population 25 years of age or 
younger, with a mean latency time for development of 
tumor being 10 years and the longest interval 46 years.59 
It seems that the cancer develops from exposure of the 
colonic mucosa to a carcinogen resulting from the mix- 
ing of the urine and feces because a similar increase in 
incidence of cancer has not been seen in patients with 
colon conduit urinary diversion.60 A periodic yearly IVU 
has been used for follow-up of patients with U-SIG be- 
cause the first indication of tumor may be dilatation of 
the collecting system on the affected side, as the cancer 


FIGURE 3.8. (A) Exstrophy of the bladder. Note the wide pubic symphysis and outward rotation of the iliac bones. The patient is 
status post ureterosigmoidostomy (U-SIG). (B) Ureterosigmoidostomy. (From Lebowitz,60 with permission.) 
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FIGURE 3.9. Gas pyelogram in a patient with bladder exstrophy 
status post U-SIG. 


grows at the ureterosigmoid junction. Yearly sigmoid- 
oscopy or colonoscopy with direct visualization of each 
ureteral orifice has been recommended as part of the 
follow-up protocol for any patient who has had a U-SIG 
for 10 years and has not been “undiverted. "69 


Prune-Belly Syndrome 


Prune-belly or Eagle-Barrett syndrome has also been 
called the “triad syndrome” because of its classic triad of: 
(1) absent or deficient anterior abdominal muscles, with 
a resulting characteristic thin, wrinkled abdominal skin; 
(2) bilateral cryptorchidism; and (3) marked dilatation 
of the urinary tract with large hypotonic, tortuous 
ureters and a large bladder with a persistent urachus. As- 
sociated anomalies are hypoplasia of the lungs, poly- or 
syndactyly, scoliosis, congenital cardiopathy, pneumotho- 
rax, microcephaly, and imperforate anus.61 The triad 
syndrome is seen almost always in males and has an inci- 
dence of 1 in 40,000 live births. Pathophysiologically, 
there is a decrease in muscle fibers throughout the uri- 
nary tract and prostate.62 On VCUG there is marked di- 
latation of the prostatic urethra with filling of a promi- 
nent prostatic utricle (Fig. 3.10). The bladder is usually 
large with a wall of variable thickness and is elongated 
with demonstration of a urachal diverticulum. In severe 
cases seen during the neonatal period, marked VUR can 
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FIGURE 3.10. Prune-belly syndrome. Note marked dilatation of 
the prostatic utricle seen during VCUG. 


be present, probably explaining the hypoplasia of the 
lungs by restricting the motion of the diaphragm as well 
as the presence of renal cystic dysplasia.62 The severity of 
the urinary tract anomalies has a major influence on the 
survival of these patients, with 20% dying during infancy. 
In contrast, some patients have only mild manifestations, 
and the diagnosis may become apparent only later in 
adult life.63 


Persistent Urachus and Associated Anomalies 


The urachus is a midline tubular structure that extends 
upward from the anterior dome of the bladder toward 
the umbilicus. It is a vestigial remnant of at least two em- 
bryonic structures: the cloaca, which is the cephalic ex- 
tension of the urogenital sinus (precursor of the fetal 
bladder), and the allantois, which is a derivative of the 
yolk sac.64 If the urachus remains patent and communi- 
cates the bladder lumen with the umbilicus, leakage of 
urine is noted during the newborn period. This condi- 
tion is associated with posterior urethral valves or ure- 
thral atresia in about one-third of the cases.6? 

Urachal sinus is a blind-ending dilatation of the ura- 
chus at the embilical end. A vesicourachal diverticulum 
is a blind-ending communication with the anterosupe- 
rior aspect of the bladder resulting from failure of the 
vesical end of the urachus to close (Fig. 3.11). It is com- 
monly present in patients with prune-belly syndrome. 
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FIGURE 3.11. Vesicourachal diverticulum resulting from failure 
of the vesical end of the urachus to close. 


These urachal anomalies are usually seen during child- 
hood. Clinical signs appear early, and the diagnosis is 
not difficult. Urachal cysts result when the midportion 
of the urachus remains patent and the cephalic and cau- 
dad ends are closed. They often remain undetected until 
infection develops or a mass appears in an uninfected 
cyst. Infection is the most common complication of the 
urachal anomalies. However, because these cysts are rare 
the diagnosis is usually not considered in the adult, pos- 
sibly leading to septicemia or rupture into the peri- 
toneum, with resulting acute peritonitis.65 

An infected urachal cyst should be considered in the 
differential diagnosis when a patient presents with lower 
abdominal pain in the midline or a midline abdominal 
mass accompanied by lower urinary tract symptoms. Cys- 
tography usually demonstrates a mass compressing the 
bladder dome with mucosal irregularity. Often additional 
imaging modalities are needed for the diagnosis. Cross- 
sectional imaging techniques such as CT and US, or MRI, 
are especially helpful for establishing the diagnosis by 
showing a fluid-filled cavity in the midline abdominal 
wall near the bladder dome in the case of an uninfected 
urachal cyst. When the urachal cyst becomes superin- 
fected, the wall becomes thickened; there is higher atten- 
uation than water on CT and soft tissue components and 
mixed echogenicity on US. Differentiation from urachal 
carcinoma may not be possible, necessitating percuta- 
neous needle biopsy or fluid aspiration (or both) (see 
Chapter 9 and Fig. 9.17). Initial image-guided treatment 
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with percutaneous drainage provides prompt sympto- 
matic relief.65 This step is usually followed by excision of 
the remnant as an interval procedure. 

Drainage alone of a urachal cyst is considered inade- 
quate therapy, as there is a 30% reinfection rate.66 Total. 
removal of the cyst wall is essential because carcinoma 
may develop in an unresected or incompletely resected 
urachal remnant. 

Urachal carcinomas are rare, with only 160 cases re- 
ported up to 1984.64 Approximately 65% of the patients 
are 41-70 years old, and two-thirds of them are male. 
The most common sign is hematuria, occurring in 71% 
of patients.64 Other findings include a suprapubic mass, 
abdominal pain, irritative voiding symptoms, and dis- 
charge of blood, pus, or mucus from the umbilicus. The 
presence of gross or microscopic mucus in the urine is 
highly suggestive of urachal carcinoma but occurs in 
only 25% of patients; it can be seen also with bladder car- 
cinomas. About 90% of urachal carcinomas are adeno- 
carcinomas, probably from metaplasia of the transitional 
epithelium into columnar epithelium and subsequent 
malignant transformation. The rest are transitional cell 
carcinomas (TCCs) sarcomas, and squamous cell carci- 
nomas. The diagnosis is usually made late in its course 
with local invasion into the space of Retzius, peri- 
toneum, lymph nodes, abdominal wall, or bladder al- 
ready present.67 As with some other mucinous adenocar- 
cinomas of the abdominal organs, urachal carcinomas 
may produce typical psammomatous calcifications, 
which is well depicted on CT. They occurred in 7 of 10 
patients in the series of Brick et al.64 and in 3 of 6 pa- 
tients in the series of Narumi et al.68 In the latter series 
calcification was not present at CT in any of other seven 
bladder carcinomas arising from the vesical dome. If the 
pathologic diagnosis of a cystoscopic biopsy of a bladder 
dome lesion is adenocarcinoma, two possibilities should 
always be kept in mind: urachal carcinoma and invasion 
of the bladder dome by an adjacent adenocarcinoma of 
the colon. 


Bladder Diverticula 


Bladder diverticula are protrusions of bladder mucosa 
herniating through the detrusor muscle, forming peri- 
vesical cystic masses. The herniated bladder may or may 
not contain attenuated smooth muscle fibers in its wall. 
All diverticula with long-standing chronic inflammation 
tend to have fibrosis of the wall that may have replaced 
any muscle present originally. 

Bladder diverticula are relatively common clinical dis- 
orders. In a study of 5004 children who underwent imag- 
ing studies over a 5-year period, Blane et al. found blad- 
der diverticula in 1.2% of the children.69 

The diverticula may be categorized as (1) congenital, 
primary, or idiopathic; (2) acquired, secondary to uri- 
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nary outflow obstruction or neurogenic bladder dysfunc- 
tion; (3) associated with syndromes such as Menkes 
(kinky-hair) syndrome, Ehlers-Danlos syndrome, cutis 
laxa, Williams (elfin-facies) syndrome, and prune-belly 
syndrome”0.71; or (4) postsurgical. Diverticula are com- 
mon in older men because of bladder outlet obstruction 
associated with benign prostatic hypertrophy or in pa- 
tients with urethral strictures, but they may also be due 
to obstruction at the urethral sphincter associated with 
neuropathic bladder dysfunction and are seen in chil- 
dren with posterior urethral valves. Obstruction can lead 
to protrusion of vesical mucosa through preexisting de- 
fects in the muscle because of abnormally increased in- 
travesical pressure. Many irregularities of the bladder 
wall that had been called diverticula are actually protru- 
sions of the mucosa between hypertrophied muscle bun- 
dles and are better called “cellules” or “saccules.” Be- 
cause they do not extend beyond the bladder wall as the 
true bladder diverticula do, they can serve as a conve- 
nient indicator of the thickness of the bladder wall at cys- 
tography. 

The bladder diverticula distort the outside contour of 
the bladder; they may be single or multiple, small or 
large (they sometimes attain gigantic proportions) 72 
(Fig. 3.12). Because most diverticula arise in chronically 
obstructed trabeculated bladders, a useful clue for dif- 
ferentiating a large diverticulum from the bladder itself 
is the smooth contour of the wall of the diverticulum, 
which is devoid of muscle, in contrast to the trabeculated 
wall of the true bladder (Fig. 3.13). 


FIGURE 3.12. Multiple bladder diverticula. 
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FIGURE 3.13. (A) Early film from IVU. Note the medial devia- 
tion of the right ureter by the urine-filled (not evident) blad- 
der diverticulum. (B) On postvoid films, a large smooth-walled 
diverticulum is now opacified with contrast. 
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FIGURE 3.14. Intraluminal irregular filling defect (arrow) 
within a large bladder diverticulum proved to represent a tran- 
sitional cell carcinoma. (Case courtesy of Howard M. Pollack, 
MD, Philadelphia.) 


A reliable method for demonstrating bladder divertic- 
ula is VCUG under fluoroscopic control. CT and US are 
especially helpful for demonstrating complicating stones 
and tumors.73-76 Diverticula may be occult on excretory 
urography with medial deviation of the ureter by a urine- 
filled ipsilateral diverticulum representing a clue to its 
presence (Fig. 3.13). Posterior diverticula may be ob- 
scured by dense contrast material in the filled bladder if 
only AP views are obtained. Occasionally a diverticulum 
remains filled with nonopaque urine, and mixing with 
contrast material may take place only with further disten- 
tion or during a period of increased intravesical pressure 
during micturition (Fig. 3.13). Careful technique during 
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FIGURE 3.15. (A) Communication (arrow) between the bladder 
and a large diverticulum demonstrated by US. (B) Similar find- 
ings at CT. Note the trabeculated bladder wall versus the 
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VCUG is of importance, including (1) emptying of the 
bladder before the examination, (2) fluoroscopic moni- 
toring, (3) oblique and lateral views for optimally 
demonstrating the diverticula arising straight anteriorly, 
posteriorly, and at the ureterovesical junction, and 
(4) inspection of the bladder during and immediately af- 
ter voiding to detect the protrusions of the mucosa that 
occur only during this phase.”0 Neoplasms, most com- 
monly transitional cell (78%) or squamous cell (17%), 
and adenocarcinomas arising in bladder diverticula?3 are 
a rare albeit important complication (Fig. 3.14). The in- 
cidence of tumor in a bladder diverticulum has been es- 
timated to be as high as 4%.73 Urinary stasis with chronic 
inflammation leads to the frequent development of dys- 
plasia, leukoplakia, and squamous metaplasia, which 
others believe precedes malignant transformation. They 
have a poor prognosis because they tend to manifest 
late, already with invasive lesions. The tumor appears as 
an intraluminal filling defect within the bladder divertic- 
ulum on urograms or cystograms and should be differ- 
entiated from radiolucent stones, clots, and edema of 
the wall of the diverticulum. 

The sonographic diagnosis of bladder diverticula de- 
pends on demonstration of a communication between 
the bladder and the mass (Fig. 3.15). When such a con- 
nection is not apparent on US, a bladder diverticulum 
may simulate other types of cystic pelvic masses.74 Sonog- 
raphy is particularly helpful for depicting carcinomas 
within a bladder diverticulum when cystoscopic and 
radiographic contrast studies are contraindicated or un- 
successful. The lesion is seen as an intradiverticular 
echogenic, nonshadowing mass along the wall. The peri- 
ureteric and posterolateral wall origin of most divertic- 
ula allow sonographic detection. Lesions arising in diver- 
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smooth wall of the diverticulum. (Case courtesy of Henry Hu- 
son II, MD, Miami.) 
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FIGURE 3.16. (A) Bilateral Hutch diverticula seen in an anteroposterior view from cystogram. (B) Oblique view from IVU docu- 
ments medial deviation of both ureters. (From Amendola,72 with permission.) 


ticula arising from the dome or neck of the bladder may 
be more difficult to visualize.75 

Computed tomography and particularly MRI are ex- 
cellent means for identifying the presence and extent of 
vesical diverticular neoplasms.’6 Sessile or pedunculated 
soft tissue masses can be seen projecting into the diver- 
ticular lumen. Focal or diffuse thickening of the divertic- 
ular wall occasionally with dystrophic calcifications has 
also been described. CT and MRI have shown tumors 
within large diverticula not visualized on cystograms due 
to obstruction of the diverticular orifice.73 

Stagnation of urine within the diverticulum is a predis- 
posing factor to infection and stone formation within its 
lumen. Other complications include VUR and ureteral 
obstruction. In patients who are otherwise normal, most 
bladder diverticula are located at or near the ureterovesi- 
cal junction (Fig. 3.16). Hutch described a diverticulum 
at the ureterovesical junction above and lateral to the 
ureteral orifice that occurred frequently in paraplegic 
patients with neuropathic bladders.77,78 In current par- 
lance, any paraureteral diverticulum associated with 
VUR is referred to as a “Hutch” diverticulum. Reflux is 
usually associated because the diverticulum weakens the 
detrusor muscle in the region of the intramural ureter, 
and this structure has no firm backing against which to 
be compressed when there is a rise in intravesical pres- 
sure. The significance of the diverticulum therefore de- 
pends not only on its size but also on its relation to the 
ureteral orifice, which determines whether VUR is asso- 
ciated. Some bladder diverticula are iatrogenic in na- 
ture, developing at the site where a suprapubic tube ex- 
ited from the bladder, and as a complication of surgical 
ureteral reimplantation. Pseudodiverticula have also 
been described from postoperative encapsulation of 
urine communicating with the bladder in patients with 
diminished bladder capacity and persistent bladder out- 
let obstruction.79 


Cystitis and Other Causes 
of Bladder Mural Defects 


Inflammatory cystitis and carcinoma of the bladder com- 
monly present as mural defects of the bladder wall at 
urography or cystography. Invasion from an adjacent 
pelvic neoplasm may cause similar findings, but fre- 
quently there is an associated soft tissue mass, bladder 
displacement, or extrinsic pressure that belies the extra- 
vesical origin of the tumor. A large number of benign 
bladder tumors or tumor-like processes that involve the 
bladder wall should be considered in the differential di- 
agnosis (Table 3.1). 

Two benign proliferative lesions of the urinary bladder 
that are frequently confused with bladder tumors are cys- 


TABLE 3.1. Differential diagnosis of bladder mural defects. 


Bladder carcinoma 
Invasion/edema from adjacent neoplasm 
Bacterial cystitis 
Cystitis cystica 
Cystitis glandularis 
Eosinophilic cystitis 
Bullous cystitis 
Malacoplakia 
Leukoplakia 
Tuberculosis 
Schistosomiasis 
Amyloidosis 
Benign bladder tumor 
Metastases to the bladder 
Edema from adjacent inflammation 
Crohn’s disease 
Appendiceal abscess 
Sigmoid diverticulitis 
Endometriosis 
Mural hematoma 
Nephrogenic adenoma 
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titis cystica and cystitis glandularis.80,81 They are most 
commonly seen in women and children with chronic uri- 
nary tract infection. Both lesions are believed to repre- 
sent metaplastic changes in the bladder epithelium in- 
duced by various noxious stimuli. The etiology of cystitis 
cystica is unknown, although a viral agent or immune re- 
sponse has been suspected. Histologically, in cystitis cys- 
tica the thickened irregular mucosa is covered by multi- 
ple rounded cyst-like elevations secondary to localized 
edema and lymphatic obstruction.82 Cystitis glandularis 
is believed to represent a more severe degree of metapla- 
sia than cystitis cystica. It has been described in associa- 
tion with pelvic lipomatosis (Fig. 3.17) and bladder 
exstrophy and is considered a premalignant condition by 
some investigators. Most of the lesions of cystitis glandu- 
laris occur in the vesical neck and trigone and occasion- 
ally cause ureteral obstruction (Fig. 3.17). Cystitis cystica 
appears cystoscopically as multiple sharply circum- 
scribed, rounded, translucent submucosal beads varying 
in color from pearly white to yellow-brown.80 

The appearance of these two types of cystitis on IVU 
and cystography varies from a single large tumorlike mass 


FiGuRE 3.17. (A) Cystitis glandularis in a 15-year-old boy pre- 
senting with urinary frequency and urgency. Note the large ir- 
regular tumor-like nodularity in the region of the bladder base 
and neck. Note also the “pear-shaped” bladder and increased 
radiolucency of the perivesical space in this patient, who also 
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to multiple small, round filling defects (Figs. 3.17, 3.18). 
The lesions may simulate, in addition to tumors, radiolu- 
cent calculi, blood clots, and bullous cystitis (Fig. 3.19). 
On CT and US cystitis glandularis has been shown as ar- 
eas of focal or diffuse thickening of the bladder wall or 
even as a well defined fungating lesion.83 

Bullous cystitis and its variant polypoid cystitis are re- 
versible inflammatory lesions of the bladder mucosa 
characterized by papillary and exophytic mucosal projec- 
tions histologically associated with vascular congestion, 
stromal edema, and an inflammatory cell infiltrate in- 
volving the lamina propia of the excrescences. They may 
also simulate tumors at imaging of the bladder.84 Most 
cases are associated with indwelling catheters, which ex- 
plains the lesion’s predilection for the posterior wall and 
dome of the bladder, although generalized involvement 
occurs’) (Fig. 3.19). Spontaneous resolution usually oc- 
curs within weeks of catheter removal. Occasionally, fi- 
brosis of the lamina propia stroma results in a perma- 
nent papillary fibrous polyp.86 

In children there have been reported instances of 
acute ureteral obstruction from bullous cystitis involving 
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had pelvic lipomatosis. (B) Cystitis glandularis in a 34-year-old 
man with hematuria. Note the multiple mural defects and large 
intraluminal filling defect in the bladder. (A: Case courtesy of 
Howard M. Pollack, MD, Philadelphia.) 
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FIGURE 3.18. Cystitis cystica with multiple small filling defects 


corresponding to small cystic lesions in the bladder of a 62- 
year-old man with urinary tract infection and mimicking small 
nonopaque bladder calculi. (Case courtesy of Howard M. Pol- 
lack, MD, Philadelphia.) 


the trigone.8” Also in this age group, invasive rhab- 
domyosarcoma (sarcoma botryoides) can produce lobu- 
lated filling defects that closely mimic the appearance of 
localized cystitis. On the other hand, cystitis is a common 
disorder in children that on rare occasions produces 
imaging and cystoscopic findings that simulate rhab- 
domyosarcoma of the bladder. On US examination chil- 
dren with benign cystitis may have isoechoic bladder wall 
thickening in a focal, multifocal, or circumferential dis- 
tribution. Rarely, small rounded cystic areas are seen 
within the thickened bladder wall. The mucosa is intact, 
and the bladder capacity is reduced because of spastic- 
ity.88 By instilling sterile water into the bladder via a ure- 
thral catheter during real-time observation, the depth of 
bladder wall thickening decreases as the bladder is dis- 


FIGURE 3.19. Bullous cystitis secondary to an indwelling Foley 
catheter. Note the marked nodular appearance of the bladder 
wall. (From Amendola,72 with permission.) 
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tended, a feature that helps to exclude an underlying 
noncompliant solid neoplasm. 

Although the findings on IVU, VCUG, or CT may sug- 
gest a tumor mass, Rosenberg et al.88 recommended 
strong consideration of the diagnosis of benign cystitis in 
the presence of: (1) clinical findings of hematuria, dy- 
suria, and frequency; (2) cystographic or sonographic 
demonstration of a bladder with reduced capacity and 
circumferential wall thickening; or (3) US findings of 
isoechoic bladder wall thickening (in a focal, multifocal, 
or circumferential distribution), intact mucosa, and bul- 
lous lesions. These observations suggest inflammation, 
rather than malignancy, and lead to a decrease in the 
need for biopsy. Follow-up US at 2 weeks after the pa- 
tient has completed a course of antibiotic therapy should 
be done. 

In the adult virtually any form of cystitis can cause 
mural defects, mainly on the basis of inflammatory and 
edematous changes that can simulate a neoplastic pro- 
cess; cystoscopy and biopsy may be necessary to make a 
definitive diagnosis. The causes of infectious cystitis are 
numerous and include bacterial, viral, fungal, and proto- 
zoan agents. Gram-negative organisms, especially Es- 
cherichia coli, are the most frequent bacterial agents. 
There is a higher incidence in females. 

The sonographic appearance of inflammatory cystitis 
is variable.89 Early mild involvement of the bladder wall 
may not be sonographically visible. Focal involvement 
with tiny, irregular excrescences may be seen. Progres- 
sive inflammatory involvement leads to bulky vesical wall 
thickening in a focal or diffuse fashion.90 At later stages 
the bladder may become small and contracted sec- 
ondary to spasm. In a patient with pyuria the presence of 
a fluid—fluid level within the bladder with small echo- 
genic densities (nonshadowing) suggests infection with 
pyocystis.91,92 

Nonbiologic agents causing cystitis include physical 
and iatrogenic trauma (instrumentation or catheteriza- 
tion), radiation, and chemotherapeutic agents. Radia- 
tion injury to the bladder may be acute and can begin 
4—6 weeks after radiation therapy or occur as a late reac- 
tion months or years after cessation of irradiation. With 
the acute type, marked edema of the lamina propia 
causes a nodular mucosal surface similar to that in bul- 
lous cystitis.86 During the chronic phase of radiation cys- 
titis, with progressive scarring and fibrosis of the bladder 
wall, the end result is a small, contracted bladder. 

Chemotherapy-induced cystitis is caused by cyclophos- 
phamide (Cytoxan) therapy. A severe hemorrhagic cysti- 
tis results from metabolic breakdown products of this 
agent excreted in the urine because direct instillation 
into the bladder does not produce the lesions. The 
chronic stage is a small, contracted bladder (Fig. 3.20). 

A number of histologically distinct forms of cystitis of 
unknown etiology, including eosinophilic cystitis, inter- 
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FIGURE 3.20. Small, contracted bladder secondary to cy- 
clophosphamide (Cytoxan)-induced cystitis after treatment of 
systemic lupus erythematosus. There is residual barium in the 
colon from a recent upper gastrointestinal series. 


stitial cystitis, granulomatous cystitis, and plasma cell 
granuloma, may present as a bladder wall lesion.86 The 
definitive diagnosis is made by cystography and biopsy 
because the radiologic appearance is nonspecific. With 
some of these entities (e.g., early cases of interstitial cysti- 
tis) the radiographic appearance of the contrast mater- 
lal-filled bladder is entirely normal. Later in the disease 
process a small, contracted bladder is typically found. 

Eosinophilic cystitis (EC), also called “pseudotumoral 
cystitis,” is a rare form of bladder inflammation charac- 
terized by eosinophilic infiltration of all layers of the 
bladder and muscle necrosis.93 In children EC has been 
associated with bacterial, fungal, and parasitic infection, 
and allergy.94 At least two cases have been reported to 
have been induced by Tranilast, a drug used to treat 
bronchial asthma.95 CT and US findings include focal or 
generalized bladder wall thickening that is at times diffi- 
cult to differentiate from invasive bladder tumor (Fig. 
3.21). Most cases involve the posterior bladder wall in 
the region of the trigone.9 

Malacoplakia of the bladder produces smooth discrete 
domed filling defects, which are usually multiple with ra- 
diologic appearances indistinguishable from those of 
cystitis cystica and bullous cystitis.96 Malacoplakia (from 
malakos, soft; plax, plaque) is a rare granulomatous lesion 
characterized by mucosal plaques involving the bladder 
and less commonly the kidney, retroperitoneum, testes, 
and prostate.97 The lesions are composed of macro- 
phages (von Hansemann) containing large intracyto- 
plasmic inclusions with concentric laminated calcific 
spherules known as Michaelis-Gutmann bodies. These 
bodies are thought to represent incompletely digested 
bacteria, particularly E. coli, Klebsiella, and Staphylococcus. 
CT findings of malacoplakia of the bladder have been 
described as a large, solid bladder mass with extravesical 


FIGURE 3.21. Eosinophilic cystitis. Contrast-enhanced CT scan 
demonstrates marked bladder wall thickening with associated 
enhancement. Diffuse streaky linear densities are present in 
the perivesical soft tissues. Cystoscopy and biopsy demon- 
strated diffuse erythema with chronic inflammatory cells and 
abundant eosinophils within the bladder stroma. (From Barry 
and Jafri,93 with permission.) 


extension to the pelvic side wall and retroperitoneum 
with occasional calcification .97-99 

Noninflammatory benign bladder masses that can 
cause intramural filling defects on cystography include 
mesenchymal tumors, pheochromocytoma, vascular 
masses, and dermoid tumors. Amyloidosis and Crohn’s 
disease may cause a mass effect as well. Endometriosis is 
most often extravesical but may present as an intramural 
lesion by direct extension or implantation. 100 


Intraluminal Filling Defects 


Bladder Tumors 


There are many pathologic entities that present as intra- 
luminal filling defects in the bladder (Table 3.2), but the 
most common are stones, blood clots, and bladder tu- 
mors. Blood clots are usually movable and are com- 
pletely surrounded by contrast material, which indicates 
their lack of attachment to the vesical wall (Fig. 3.22). A 
rather common cause of an intraluminal defect is prosta- 
tic enlargement involving the median lobe or the subcer- 
vical glands of Albarrán. It appears as a mass protruding 
inside the bladder, simulating an intrinsic bladder tumor 
and occasionally attaining large size (see Chapter 10). 
Symptoms of bladder outlet obstruction’ may be com- 
pletely absent. 

Transitional cell carcinomas (TCCs) of the bladder 
can appear as infiltrating or exophytic lesions. When the 
bladder contents are opacified by contrast material at 
cystography or during IVU, the tumors may appear as in- 
traluminal filling defects or appear as local or general 
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TABLE 3.2. Causes of intraluminal filling defects in the bladder. 


Bladder calculi 

Blood clots 

Bladder carcinoma 

Gas/air bubbles 

Lucent foreign body 

Foley catheter balloon 
Ureterocele simple/ectopic 
Pseudoureterocele 

Bullous edema 

Prostatic enlargement 

Sarcoma botryoides 

Benign bladder tumor 

Invasion from adjacent neoplasm 
Metastases 

Fungus ball 

Inflammatory granuloma (tuberculosis, schistosomiasis) 
Amyloidoma 


rigidity of the bladder wall occasionally causing asymme- 
try of the distended bladder. An exophytic tumor pre- 
sents as a fixed intraluminal filling defect, usually with 
an irregular polypoid surface. A typical “stipple sign” 
(Fig. 3.23) produced by contrast trapped within the in- 
tertices of the frond-like, papillary TCC has been de- 
scribed by MacLean et al.101 A filling defect is seen only 
when it is completely surrounded by opacified urine. Be- 
cause at urography the contrast material is heavier than 
nonopacified urine, a tumor arising from the posterior 
bladder wall is best seen in a supine radiograph; one 
Originating in the anterior wall is optimally visualized 
when the patient is in the prone position. 

Evaluation of the bladder during the cystographic 
phase of excretory urography is rather insensitive for the 
diagnosis of bladder tumors. In the series of Hillman 
and colleagues,102 40% of patients with known bladder 
carcinoma had an excretory urogram that was inter- 
preted as negative. The postvoid radiograph, when re- 
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FIGURE 3.23. “Stipple sign” of transitional cell carcinoma of the 
bladder produced by contrast trapped within the interstices of 
the frond-like papillary tumor. 


viewed alone, was the single most valuable projection 
(Fig. 3.24). Their most successful strategy for identifying 
bladder tumors at excretory urography was the combina- 
tion of an early, full bladder and postvoid AP radio- 
graphs. The addition of oblique views did not signifi- 
cantly increase diagnostic sensitivity. Cystoscopy and 
biopsy are essential for confirmation of the diagnosis in 
patients with suspected bladder carcinoma regardless of 
the results of excretory urography and cystography. On 
transabdominal US, with optimal bladder distention 
TCC of the bladder typically appears as a relatively hy- 
poechoic mass but more echogenic than the bladder 
mucosa and submucosa. The findings are not specific, 
and other etiologies (e.g., cystitis, invasion from adjacent 
tumor, wall thickening and trabeculation from bladder 
outlet obstruction, and other bladder masses) cannot be 
excluded. The depth of tumor invasion cannot be reli- 
able assessed by US; for staging purposes, CT and 
MRI are preferred over US because of its limited ability 


FIGURE 3.22. (A) Large intraluminal bladder filling defect representing an intravesical blood clot in a patient with gross hema- 
turia. (B) CT scan documents high density blood clot within the bladder lumen. 
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FIGURE 3.24. (A) Bladder carcinoma. Note the subtle lucent filling defect in a full bladder (arrow). (B) Irregular right-side blad- 


der lesion (arrow) is better appreciated on the postvoid film. 


to evaluate perivesical extension and pelvic adenopathy. 
For further details on this subject see Chapters 7 and 8. 


Ureteroceles 


A ureterocele can be defined as a cystically dilated distal 
portion of the ureter. Its prolapse into the bladder lu- 
men causes the appearance of an intravesical filling de- 
fect, seen at urography and VCUG.103 Ureteroceles can 
be classified into three categories: simple or orthotopic, 
ectopic, and pseudoureteroceles. 

Simple, or “adult type,” ureteroceles usually occur in 
nonduplicated systems, most frequently in adults; the 
ureter enters the bladder in its normal position in the 
lateral angle of the trigone (orthotopic ureter). This 
condition is more common in females than in males and 
may be bilateral. It is caused by stenosis of the ureteral 
orifice, probably on a congenital basis, with secondary 
cyst-like dilatation of the lower end of the ureter, which 


protrudes into the bladder lumen with a typical “cobra- 
head” or “spring onion” configuration (Fig. 3.25). A 
thin radiolucent halo due to the outlining of its wall by 
contrast material in the bladder and within the lumen of 
the ureterocele is seen. Infection and stones may de- 
velop within it, and in those instances its wall may be 
thickened by edema. On sonography they appear as a 
thin-walled, fluid-filled, tubular or lobulated lesions in 
the posterior aspect of the bladder in the region of the 
trigone (Fig. 3.26).104 With some small ones, internal 
echoes may be seen owing to partial volume effect. The 
diagnosis may be confirmed by noting the ureteral jet 
phenomenon from the ureterocele.105 

Ectopic ureteroceles are congenital anomalies associ- 
ated with duplicated renal collecting systems in which 
the ureter draining the upper pole moiety is ectopic and 
contains the ureterocele. Obstruction of this ureter is 
the cause of an upper pole mass due to the resultant hy- 
dronephrosis (Fig. 3.27). Ectopic ureteroceles, more 


FIGURE 3.25. (A) Simple ureterocele with “cobra-head” or “spring onion” configuration of the distal left ureter. (B) Smooth, thin 
radiolucent halo surrounding the dilated left ureter is fully outlined in the postvoid film. (From Amendola,72 with permission.) 
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FIGURE 3.26. Ultrasonographic appearance of ureterocele (ar- 
row). 


common in girls than in boys (the ratio is 7:1), are the 
most common cause of acute bladder obstruction in in- 
fant girls.106 They are bilateral in 10% of cases. Reflux 
commonly occurs into the ureter draining the lower 
pole moiety. A typical case presents with two striking fea- 
tures on IVU: a large radiolucent filling defect in the 
bladder and a mass in the upper pole of the affected kid- 
ney displacing the opacified collecting system downward 
and laterally (the “drooping lily” sign) (Fig. 3.3B). It 
must be noted that ectopic ureteroceles may insert at any 
part of the lower urinary system but most often in the 
bladder or urethra. The intravesical filling defect is ra- 
diolucent because it is filled with nonopacified urine. 
CT (Fig. 3.28) and US demonstrate a similar constella- 
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FIGURE 3.27. (A) Ectopic ureterocele in a 12-day-old infant. 
Note the large rounded midline lucent filling defect and 
associated obstructed upper pole duplication in the right kid- 
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tion of findings in patients with ectopic ureteroceles: (1) 
a hydronephrotic upper pole moiety of a duplex kidney; 
(2) a dilated ureter draining it; and (3) a fluid-filled ipsi- 
lateral mass in the bladder.107.108 The sonographic differ- 
ential diagnosis of an ectopic ureterocele includes a di- 
lated ectopic ureter as well as a perivesical cyst.107 

There are several conditions in children that may re- 
semble an ectopic ureterocele on IVU or VCUG.106 Dif- 
ferentiation with gas in the rectosigmoid may dictate ob- 
taining steep oblique or lateral views to demonstrate that 
the gas lies posterior to the bladder (Fig. 3.27). A Foley 
catheter balloon or blood clots may simulate this appear- 
ance. Rarely, rhabdomyosarcoma of the bladder or 
prostate presents as a single smooth intravesical filling 
defect in this same age group. 

A seminal vesicle cyst may present as a smooth eccen- 
tric lucent filling defect in the bladder (see Chapter 10). 
A useful diagnostic clue is the lack of urographic contrast 
material excretion from the ipsilateral kidney, which is 
usually absent or severely dysplastic. The typical associa- 
tion of these two congenital anomalies is explained by 
the common embryologic origin from the wolffian 
(mesonephric) duct of the seminal vesicle and a faulty or 
absent ureteric bud on the same side.109 Müllerian duct 
cysts and hypertrophy of the median lobe of the prostate 
can also appear as smooth intravesical filling defects but 
are usually in a midline position (see Chapter 10). 

Pseudoureteroceles consist of focal dilatation of the in- 
tramural portion of an otherwise normal ureter sec- 
ondary to obstruction of the ureteral orifice, creating a 
“cobra-head” appearance similar to that of a true simple 


ney, which does not show the normal complement of calyces. 
(B) Oblique view confirms the location of the lucent defect to 


the bladder. 
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FIGURE 3.28. (A-D) Four views from contrast-enhanced CT 
scans of a young boy with a ectopic ureterocele and ureteral 
duplication. (A&B) Note the hydronephrotic obstructed right 
upper pole moiety. (C) Markedly dilated ureter draining the 
upper pole (filled with unopacified urine and compressing 


ureterocele (Fig. 3.29). In contrast to the wall of a true 
ureterocele, which is thin and regular, the lucency 
surrounding a pseudoureterocele is a thick, poorly de- 
fined halo due to the edema involving the loose tunica 
propria underlying the mucosa of the bladder.110 
Pseudoureteroceles have most commonly been reported 
as occurring secondary to a bladder tumor or a calculus 
obstructing the ureteral meatus. Other reported causes 
are radiation cystitis, bladder floor invasion by carci- 
noma of the cervix, and ureteral instrumentation.111 
We have encountered several patients who developed 
pseudoureteroceles from stone fragments obstructing 
the distal ureter after extracorporeal shock wave litho- 
tripsy (ESWL) of ipsilateral renal calculi112 (Fig. 3.29). In 
this setting pseudoureteroceles are especially likely to de- 
velop in patients with large calculi and those difficult to 
fragment, as the larger and more numerous the frag- 
ments, the greater the likelihood of obstruction. It is im- 
portant for all radiologists and urologists to be aware of 
this finding during routine follow-up of patients after 
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the contrast-filled ureter draining the lower pole moiety). 
(D) Fluid-filled ipsilateral mass in the bladder representing the 
ectopic ureterocele. (Case courtesy of A. R. Sedaghat, MD, 
Tehran, Iran.) 


ESWL, because a pseudoureterocele is indicative of ob- 
struction, even in patients who are asymptomatic. Al- 
though an unequivocal diagnosis of pseudoureterocele 
is based on the urographic appearance, it should be sus- 
pected when a distal column of stone fragments (stein- 
strasse) with a terminal bullous configuration is seen on 
plain radiographs (Fig. 3.29A). This observation should 
prompt additional studies, such as IVU or radionuclide 
scintigraphy, to rule out impairment of renal function by 
obstruction. If renal function is significantly affected, 
prompt intervention is indicated.112 


Bladder Calculi and Bladder Wall Calcification 


Vesical stones are a common cause of intraluminal filling 
defects that may be easily overlooked unless careful at- 
tention is paid to the preliminary radiograph and the 
ensuing contrast material examination at excretory 
urography or cystography. The same may happen at 
sonography if the bladder is not distended during the 
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FIGURE 3.29. (A) Pseudoureterocele. Scout view from routine 
follow-up IVU obtained 4 weeks after extracorporeal shock 
wave lithotripsy shows a large steinstrasse in the region of the 
distal left ureter and at the ureterovesical junction. The termi- 
nal portion is bulbous, indicating marked dilatation of the in- 
tramural ureter. (B) On the 10-minute film from the IVU 
there is delayed excretion of contrast from the left kidney 
caused by severe obstruction. A pseudoureterocele is clearly 
seen. (C) Cystoscopic view of stone fragments. The calculous 
fragments were removed, and a repeat urogram obtained 6 
weeks later was normal. (A & B: From Barber et al.,112 with 
permission. ) 


study and stones are not clinically suspected.!13 It has 
been estimated that 50% of calculi are not detected radi- 
ologically.114 Poorly opaque and even fairly densely 
opaque bladder stones may be easily confused with in- 
spissated fecal material in the rectosigmoid colon (Fig. 
3.30) or be obscured by the overlying sacrum. Confusion 
with other calcific densities in the pelvic region, such as 
phleboliths, calcified rectal, ovarian, or uterine tumors, 
opaque suppositories, baroliths and other foreign bod- 
ies, unusual prostatic calcifications, and even calcifica- 
tion in a bladder tumor, may arise. If the visualized opac- 
ity cannot be localized within the confines of the 
bladder (as determined by the line of radiolucency seen 
in the plain radiograph caused by the layer of perivesical 
fat), itis unlikely to represent a bladder calculus.115 Nev- 
ertheless, a calculus contained in a bladder diverticulum 
may lie outside the expected confines of the bladder in a 
more lateral location than the usual bladder stone. 
Oblique and lateral projections before bladder opacifi- 
cation may be helpful in confusing situations. 

On the cystogram, if the bladder contrast is too con- 
centrated, the calculus may be obscured (Fig. 3.30B). 
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Confirmation can be made easier by using diluted uro- 
graphic contrast material. 

Ultrasonography (by demonstrating shadowing by the 
stone) or CT (by demonstrating its high density charac- 
teristics) may be especially helpful for differentiating 
nonopaque bladder calculi from other radiolucent fill- 
ing defects such as tumors or blood clots. Free mobility 
of the filling defects within the bladder lumen in differ- 
ent radiographic projections (erect, supine, or horizon- 
tal beam views) can help differentiate a stone from a 
fixed vesical tumor. Certain opaque bladder calculi pre- 
sent a characteristic appearance, such as the “jack-stone” 
configuration typical of a calcium oxalate stone (Fig. 
3.31). Also, the large, densely opaque, laminated struvite 
and apatite calculi generally associated with urinary in- 
fection and alkaline urine do not usually present a diag- 
nostic problem (Fig. 3.32). 

Bladder stones can be classified as migrant (i.e., the 
ones that have passed into the bladder from the upper 
tracts) and primary or secondary calculi. Primary or en- 
demic calculi form in patients in whom a known calculo- 
genic factor is absent. They are mainly seen in children in 


56 


Marco A. Amendola 


FIGURE 3.30. (A) Poorly opaque bladder stones (arrow) could be easily overlooked in this paraplegic patient with a fecal im- 
paction. (B) After bladder is opacified with contrast the stones are completely obscured. 


FIGURE 3.31. Bladder calculus with “jackstone” configuration 
typical of a calcium oxalate stone. 


A 


FIGURE 3.32. (A) Large, laminated bladder calculus suggestive 
of struvite (magnesium-ammonium-phosphate) in a man 
with chronic urinary infection and bladder outlet obstruction. 


the Middle East or Far East and are likely related to di- 
etary deficiencies. Vesical calculi have become relatively 
rare in children and young adults in the United States. 
When present, one or more lithogenic factors are impli- 
cated, including (1) the presence of an intravesical for- 
eign body; (2) infection with Proteus (a urea-splitting or- 
ganism); (3) exstrophy of the bladder; and (4) the 
presence of intestinal mucosa in the urinary tract.113 
Most bladder calculi in adults are secondary calculi form- 
ing because of urinary stasis or infection or around a for- 
eign body nidus that undergoes phosphatic encrustation. 
Patients with urinary stasis, such as men with chronic 
bladder outlet obstruction from prostatic hypertrophy, 
women with large cystoceles, and patients with bladder 
diverticula with or without associated urinary infection, 
are good candidates for bladder stone formation. 


(B) The large stone is still evident within the contrast material- 
filled bladder. (From Amendola,’72 with permission.) 
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At especially high risk are the patients with neurogenic 
bladder dysfunction. It has been estimated that 10-15% 
of these patients develop urinary tract calculi, with the 
bladder being the most common site of stone forma- 
tion.116 Immobilization hypercalciuria, urinary stasis, in- 
fection, and the presence of a Foley catheter are known 
predisposing factors to calculogenesis in these pa- 
tients. 117 

A multitude of foreign bodies have been described as 
being capable of acting as a nidus for bladder calculi, in- 
cluding nonabsorbable suture material, catheter frag- 
ments, prostatic chips, and all sorts of objects self-intro- 
duced into the urethra. A characteristic radiologic type of 


foreign body calculus has been described in some patients - 


with neurogenic bladder dysfunction who are being main- 
tained on clean intermittent self-catheterization pro- 
grams.117 In these patients, peculiar, fine, curvilinear and 
serpentine calcifications (“spaghetti-like” calculi) noted 
within the bladder proved to be calcareous deposits on 
strands of hair (for further details see Chapter 4). 

Other curvilinear bladder calcifications have been de- 
scribed mainly in the bladder wall rather than in the lu- 
men.118,119 Dystrophic calcification of the bladder wall 
has multiple etiologies including neoplastic, infectious 
cystitis (tuberculosis schistosomiasis), alkaline encrust- 
ing cystitis, irradiation, and several chemotherapeutic 
agents including cyclophosphamide (Cytoxan) and in- 
travesical bacille Calmette Guérin (BCG)120 (Table 3.3). 
Typically these calcifications are linear or plaque-like or 
circumferential and outline the bladder wall (Fig. 3.33). 
Isolated instances of bladder tumors with a serpiginous 
or hemispheric pattern of calcification within the ex- 
pected bladder lumen have been reported.!2! In those 
instances, however, a bladder mass was demonstrated on 
the subsequent excretory urograms. A slightly different 
pattern of rounded calcifications in the bladder wall can 
be seen representing phleboliths in hemangiomas in pa- 
tients with Klippel-Trenaunay syndrome (Fig. 3.34).122 
These patients are young and may present with severe 
hematuria. 


TABLE 3.3. Bladder wall calcification. 


Infectious cystitis 
Tuberculosis 
Schistosomiasis 

Radiation therapy 

Chemotherapy 
Intravesical 

Thiotepa 
Mitomycin C 
BCG 
Oral 
Cyclophosphamide (Cytoxan) 

Alkaline encrusting cystitis 

Encrusted bladder carcinoma 

Amyloidosis 

Stevens-Johnson syndrome 


Klippel-Trenaunay syndrome 
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FIGURE 3.33. Bladder wall calcification in a patient with 
“Cytoxan cystitis” (small arrows). Note the small contracted 
bladder. 


Nonopaque bladder calculi composed of uric acid at 
urography and cystography appear as lucent filling de- 
fects and should be differentiated from other pathology 
such as blood clots, bladder tumors, or (occasionally, if 
solitary and large) intravesical growth of an enlarged 
prostate (Figs. 3.35, 3.36; Table 3.2). They are commonly 
small and multiple but occasionally attain a large size. 
Uric acid calculi are frequently seen in patients with blad- 
der outlet obstruction, as from prostatic hypertrophy; 
and trabeculation of the vesical wall, cellulae, and diver- 
ticular formation may be associated (Figs. 3.35, 3.36). 


Gas or Air in the Bladder 
(Emphysematous Cystitis) 


When gas or air is demonstrated within the bladder on a 
plain radiograph it is of great clinical importance be- 
cause unless there is iatrogenic insertion of air through 
the urethra, as with a history of recent urologic instru- 
mentation (i.e., cystoscopy or bladder catheterization) 
or of penetrating trauma (stab wound or surgical inter- 
vention), the two leading differential diagnoses are (1) 
the presence of a fistula between the bladder and a hol- 
low viscus and (2) bladder infection with a gas-forming 
organism (Table 3.4). Gas may present in the wall of the 
bladder as gas-containing vesicles or blebs (Fig. 3.37) or 
inside the bladder lumen, or it may coexist in both loca- 
tions. Although some investigators restrict the term em- 
physematous cystitis to the presence of gas in the blad- 
der wall, which is virtually always secondary to infection, 
it has also been applied to cases with only intravesical 
gas. Emphysematous cystitis may coexist with emphyse- 
matous pyelitis and emphysematous pyelonephritis.!23 
Intravesical gas is usually visible in the KUB or scout 
film of the IVU or VCUG but may be confused with gas 
in the rectosigmoid. In females the entity of emphysema- 
tous vaginitis, a benign condition related to pregnancy 
in which multiple gas vacuoles are present in the subep- 
ithelial layers of the vaginal wall, is also a diagnostic con- 
sideration. Other extravesical conditions that could 
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FIGURE 3.34. (A) Patient with Klippel-Trenaunay Syndrome and bladder dome documents the presence of multiple calcifica- 
bladder hemangiomas. Scout film in the oblique projection dis- tions associated with the bladder hemangiomas. (D) Similar 
closes the presence of a cluster of calcifications representing findings at a slightly lower level. Note also the varicosities in the 
phleboliths. (B) Calcifications are localized in the dome of the soft tissues including the subcutaneous planes of the gluteal re- 
bladder on the urogram. (C) CT scan obtained through the gion with asymmetric distribution to the right side. 


FIGURE 3.35. (A) Uric acid calculi. In- 
numerable small lucent filling defects 
in the bladder are seen on early films 
from an IVU. (B) Later film during 
IVU. The calculi are becoming ob- 
scured by the urographic contrast in 
the bladder. Note the large prostatic 
impression with “fish-hooking” of the 
ureters from elevation of the trigone 
and the saccules and diverticula in this 
patient with chronic bladder outlet ob- 
struction. (From Amendola,72 with 
permission.) 
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FIGURE 3.36. (A) Numerous rounded filling defects from bladder calculi. Note the marked prostate impression. (B) Oblique view. 


Note bladder wall thickening and trabeculation. 


TABLE 3.4. Differential diagnosis of gas/ (air) in the bladder. 


Previous urologic instrumentation 
Cystoscopy 
Bladder catheterization 
Penetrating bladder trauma 
Stab wound 
Surgery 
Cystitis with gas-forming organism 
Fistulous connections to hollow viscus 
Colovesical fistula 
Diverticulitis 
Colonic neoplasm 
Bladder neoplasm 
Enterovesical fistula 
Crohn’s disease 
X-irradiation 
Neoplasm 
Vesicovaginal fistula 
Hysterectomy/obstetric injury 
Carcinoma of the cervix 
Bladder carcinoma 
Pelvic irradiation 
Renal gas (from emphysematous pyelonephritis or reno-colonic 
fistula) descending to bladder 


From Amendola,72 with permission. 


cause confusion include pneumatosis cystoides intesti- 
nalis and gas gangrene of the uterus. Additional views in 
the oblique or lateral projection and especially upright 
films can localize the abnormality to the bladder, espe- 
cially after administration of radiographic contrast mate- 
rial.124 A line of radiolucent bubbles in the contour of 
the bladder is noted when gas is present in the wall, with 
the size of the gas vesicles varying from a few millimeters 
to about 1 cm (Fig. 3.37A). Opacification of the bladder 
demonstrates the impression of the gas vesicles on the 
contrast material-filled bladder lumen (Fig. 3.37B). 
Emphysematous cystitis is a condition in which bacte- 
ria (or fungi) produce gas in the bladder wall or lumen. 
The most commonly implicated organism in gas-forming 
bladder infections is Escherichia coli, but other bacteria 
(Aerobacter aerogenes) and fungi (Candida albicans) are oc- 
casionally the pathogenic agents. The patients may or 
may not have pneumaturia. In most patients, glycosuria 
and diabetes mellitus are commonly present. Neuro- 
genic bladder, outlet obstruction, and chronic urinary 
tract infection are predisposing conditions. It is believed 
that the action of bacteria or fungi on glucose in the 


FIGURE 3.37. (A) Emphysematous cystitis. Scout radiograph in (B) After contrast administration some of the discrete gas col 
75-year-old diabetic woman with lower abdominal pain, fever, lections are definitively localized to the bladder wall. 
and dysuria. Note gas collections in the pelvis (arrowheads). 
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FIGURE 3.38. (A) Fungus ball in the bladder. Scout film of a 54- 
year-old man with adult-onset diabetes mellitus admitted with 
acute urinary retention. A rounded mass of laminated lucency 
and soft tissue density is projected in the bladder area. (B) Fun- 


urine results in the creation of carbon dioxide and bu- 
tyric and lactic acids through fermentation.124 This reac- 
tion proceeds best in acidic urine. In the bladder, Can- 
dida infection may take the form of mycelial masses 
(fungus balls or mycetomas), which are composed of lay- 
ers of living colonies of mycelia separated by air and pro- 
teinaceous material; they present a laminated appear- 
ance on radiographs (Fig. 3.38). Transformation of the 
saphrophyte Candida albicans to a pathogen is associated 
with protracted antibiotic therapy, use of steroids, im- 
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gus ball occupies most of the bladder lumen, but some contrast 
insinuates within the lesion as well. Two large fungus balls were 
removed by a suprapubic approach. (From Amendola,?72 with 
permission.) 


munosuppressive medication, and debilitating diseases. 
The presence of bladder outlet obstruction or other 
cases of urinary stasis is another predisposing factor, but 
the usual common denominator in the reported cases of 
fungus balls in the bladder is poorly controlled diabetes 
mellitus.123-125 In the bladder, a laminated body contain- 
ing gas is highly suggestive of a fungus ball. Rarely, a lam- 
inated blood clot seen at cystography and a large crys- 
talline foreign body (a ball of Renacidin) have caused 
problems in diagnostic differentiation.126 


FIGURE 3.39. (A) Emphysematous cystitis in a patient with 
poorly controlled diabetes who presented with severe pelvic 
pain. Initial longitudinal US scan shows an echogenic bladder 
wall with reverberations and “ring-down” shadow (arrow). 


BLAD = bladder. (B) Plain radiograph helps to confirm the gas 
in the bladder wall (arrows) first suspected at sonography. 
(From Joseph et al.,123 with permission.) 
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FIGURE 3.40. Emphysematous cystitis in a 62-year-old diabetic 
patient with E. coli infection. CT scan shows gas in the bladder 
wall and lumen. (From Joseph et al.,!23 with permission.) 


Ultrasound findings associated with emphysematous 
cystitis include a diffuse, thickened, echogenic bladder 
wall with irregular foci associated with acoustic shadow- 
ing within the bladder lumen (Fig. 3.39). CT is the imag- 
ing modality with the highest sensitivity for detecting 
early lesions and is the best for evaluating their extent.127 
CT clearly demonstrates gas in the bladder wall and can 
help clarify the extension and location of the gas collec- 
tion (Fig. 3.40). Early diagnosis and aggressive manage- 
ment of gas-forming infections of the genitourinary tract 
are vital.128 


Enterovesical Fistula 


The most common type of abnormal communication be- 
tween the urinary bladder and the gastrointestinal tract 


A 
FIGURE 3.41. (A) Sigmoidovesical fistula in a 65-year-old 


woman with a history of sigmoid diverticulitis seen on the an- 
teroposterior view of a cystogram. (B) Lateral view demon- 
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TABLE 3.5. Etiology of colovesical fistula. 


Sigmoid diverticulitis 
Crohn’s colitis 

Colon cancer 

Bladder malignancy 
Radiation cystitis/enteritis 
Penetrating trauma 
Appendiceal abscess 
Amebiasis 

Actinomycosis 
Tuberculosis enteritis 
Lymphoma 

Congenital 

Perforating foreign body 


Modified from Banner,!30 with permission. 


(1.e., enterovesical fistula) is a colovesical fistula. By far 
the most common cause is sigmoid diverticulitis,129,130 al- 
though other etiologies include colon carcinoma, 
Crohn’s disease involving the colon, radiation-induced 
fistula after radiation therapy for pelvic malignancy, pen- 
etrating trauma, and carcinoma of the bladder (Table 
3.5). Among the conventional radiographic studies, cys- 
tography and barium enema are the most useful for 
demonstrating a fistula. The production of unequivocal 
evidence by either method is less than 50%, however. A 
colovesical fistula is more likely to be demonstrated dur- 
ing a VCUG, in which the patient is able to produce a 
good detrusor contraction that fills a long, often tortu- 
ous tract with contrast material, than during an excre- 
tory urogram (Fig. 3.41). 

Short of visualizing the fistulous tract, two signs are 
common on the cystogram: (1) the presence of intravesi- 
cal air, which is often a subtle finding that should be 


strates the exact location of the fistulous tract arising from the 
posterior aspect of the bladder. (From Amendola,7? with per- 
mission. ) 
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FIGURE 3.42. Subtle tethering of the superolateral bladder wall 
at the point of attachment of a subsequently demonstrated sig- 
moidovesical fistula. Note also the suggestion of a pelvic soft 
tissue mass flattening the bladder dome in this middle-aged 
man with sigmoid diverticulitis. 
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carefully sought; and (2) irregularity of the bladder wall, 
usually localized to the dome, with a crenulated nodular 
appearance or, rarely, the appearance of an irregular fill- 
ing defect. Tenting or tethering of the bladder wall re- 
lated to the point of attachment of the fistulous tract 
may be seen (Fig. 3.42); occasionally it has a triangular 
shape, known as the “beehive” sign, a rather good de- 
scriptive term coined by Kaisary and Grant.131 

Cystoscopic examination is the most reliable of the 
usual endoscopic procedures. The fistula is demon- 
strated in only 27-57% of patients, however.132 It is more 
common to find indirect signs of a colovesical fistula at 
cystoscopy, including localized bladder wall inflamma- 
tion, bullous edema, and purulent exudate or food parti- 
cles. The cystoscopic yield can be increased by injecting 
contrast material through a catheter inserted cystoscopi- 
cally into a suspicious area of the bladder wall. 

The Bourne test is an expeditious and cost-effective ra- 
diologic adjunct for demonstration of an otherwise oc- 
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FIGURE 3.43. Bourne test. (A) Barium enema in a 74 
year-old with recurrent UTIs and diverticulitis. Note 
the diverticular disease of the sigmoid colon and the 
gas in the bladder (arrow), but no radiologic evi- 
dence of a fistulous tract is noted. (B) Postevacua- 
tion film. There is persistent gas in the bladder, but 
no radiopaque barium is seen within it. (C) Bourne’s 
test is performed on a urine specimen obtained by 
straight catheter after completion of the barium en- 
ema. (A) Control tube. (B) Positive Bourne’s test, in- 
dicated by layering of the barium at the bottom of 
the urine-containing tube after centrifugation. 
(From Amendola et al.,132 with permission.) 
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cult colovesical fistula.132 It consists in a radiographic ex- 
amination using a horizontal x-ray beam focused on up- 
right test tubes of centrifuged urine obtained immedi- 
ately after a nondiagnostic barium enema. The result is 
considered positive when a radiopaque density in the 
bottom of the test tube indicates the presence of barium 
in the sediment, compared radiologically with a control 
specimen (Fig. 3.43). In our experience this test has a 
90% sensitivity with no false positives. 132 

The value of CT for directly demonstrating the pres- 
ence of enterovesical fistulas has been emphasized.133 In 
the appropriate clinical setting, the continuation of CT 
findings of focal colonic thickening adjacent to an area 
of locally inflamed bladder, associated diverticula, and 
contrast material or air within the bladder are highly 
suggestive of a colovesical fistula secondary to diverticu- 
lar disease!33 (Fig. 3.44). 

The most common cause of a fistula between the small 
bowel and the urinary bladder is Crohn’s disease. The 
right side of the bladder is most commonly involved sec- 
ondary to terminal ileitis. Cystography is more likely to 
demonstrate the fistula than barium studies of the small 
bowel. The value of CT has also been described by Mer- 
ine and coworkers.134 


FIGURE 3.44. Colovesical fistula with bladder gas secondary to 
acute sigmoid diverticulitis. (A & B) Sequential CT scans (A 
obtained at a higher level than B) demonstrate the abnormal 
sigmoid with surrounding fat stranding (arrows) and gas-filled 
colonic diverticula. (C) CT scan at a lower level shows gas in 
the bladder lumen (arrows) and a thickened anterior bladder 
wall. (From Joseph et al.,!23 with permission.) 
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Vesicovaginal Fistula 


Vesicovaginal fistula is most commonly iatrogenic, due 
to injury to the bladder during gynecologic and obstetric 
surgical procedures. Most occur as a complication of hys- 
terectomy (usually abdominal) or vaginal repair. When 
the injury is a laceration, it is usually recognized 
promptly and repaired at surgery. When the injury re- 
sults in necrosis it usually presents as a fistula, and recog- 
nition may be delayed. Vesicovaginal fistulas are most 
commonly discovered 4-8 days after surgery. An unex- 
plained increase in drainage or the presence of bloody 
urine during the postoperative period suggests the possi- 
bility of bladder injury. Another common etiology of 
vesicovaginal fistula is carcinoma of the cervix; the fis- 
tula develops before therapy or after surgery or irradia- 
tion (or a combination of the two). Penetrating trauma 
to the bladder and vagina is an unusual etiology. 
Vesicovaginal fistulas are usually demonstrated at cys- 
tography. Air in the bladder is seldom seen. In the AP 
views there is a double density of contrast material super- 
imposed on the contrast material-filled bladder, which 
represents vaginal opacification through the fistula. 
Oblique and lateral views guided with fluoroscopy may 
demonstrate the site of the fistulous tract. Occasionally, 
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FIGURE 3.45. (A) Subtle vesicovaginal fistula found incidentally The tract could not be clearly identified under fluoroscopy, but 
during a videourodynamic study performed to elucidate the the fistula was later found at surgery. (B) Different patient with 
etiology of urinary incontinence. (Note the presence ofa rectal a vesicovaginal fistula clearly demonstrated on a lateral view of 
tube and two urethral catheters.) There is a small amount of the pelvis from an intravenous urogram. (A: From Amendola,72 
vaginal contrast seen during the bladder filling phase (arrow). with permission.) 
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FIGURE 3.46. (A) Anteroposterior view of a cystogram from a eral view again shows the contrast material in the vaginal tam- 
patient with a vesicovaginal fistula after hysterectomy. Note the pon, documenting the presence of a vesicovaginal fistula. 
vaginal tampon impregnated with contrast material. (B) Lat- 


3. Imaging of Benign Conditions of the Bladder 


radiographic demonstration of a vesicovaginal fistula is 
difficult, or only subtle findings are present at cystogra- 
phy (Fig. 3.45). Use of a vaginal tampon may be helpful 
in its diagnosis (Fig. 3.46) .135 

Vaginography is another method that may be diagnos- 
tic and can be used in selected patients when other 
modalities have failed.136 The most definitive method is 
cystoscopy when the fistulous tract can be identified or 
an area of bullous edema suggestive of a fistula can be 
seen. A simple office procedure that may also be done at 
the time of cystoscopy is to instill methylene blue dye 
into the bladder and observe if dye leaks into the vaginal 
canal. 


Abnormalities in the 
Shape of the Bladder 


At cystography the shape of the normal bladder varies 
with its degree of filling. In an incompletely filled blad- 
der, smooth indentations from adjacent pelvic organs, 
such as the uterus in the female and the sigmoid colon 
in both sexes, are frequently noticeable, especially on its 
upper surface. There is some range of normal variation 
in the shape of the distended bladder, from a spheroid 
shape to an ovoid, oblong, or even square shape. Further 


FIGURE 3.47. (A) Pelvic lipomatosis. Pear-shaped bladder in a 
middle-aged man. (B) Pelvic CT demonstrates the typical ap- 
pearance of increased fat deposition deforming and elevating 
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deviations are usually abnormal and are the subject of 
the ensuing discussion. 


Pear-Shaped (Teardrop) Bladder 


The teardrop bladder was first described in patients with 
perivesical hematoma secondary to pelvic trauma.137 As 
pointed out by Ambos and coworkers,!38 however, the 
configuration is more that of an inverted teardrop or in- 
verted pear shape because the extraperitoneal perivesi- 
cal hematoma compresses the inferior portion of the 
bladder in a bilateral symmetric fashion, lifting the blad- 
der from the pelvic floor. This is also the case when the 
base of the bladder is elevated away from the symphysis 
pubis and narrowed by an abnormal accumulation of 
adipose tissue, as with pelvic lipomatosis (Fig. 3.47). This 
condition is characterized by a nonmalignant over- 
growth of normal fat in the perirectal and perivesical 
spaces.139 It is most common in middle-aged black men. 
The excessive proliferation of fibroadipose tissue in the 
pelvis causes elevation and symmetric compression of 
the urinary bladder and rectosigmoid colon. There may 
be symptoms of bladder outlet obstruction associated 
with a high-lying prostate on rectal examination. Distal 
ureteral obstruction is not uncommon, and in some pa- 
tients severe progressive obstructive uropathy may de- 
velop that could require urinary diversion.140 


the bladder as well as causing straightening and narrowing of 
the rectosigmoid colon. (From Amendola and Pollack,142 with 
permission. ) 
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In addition to the inverted pear-shaped appearance of 
the bladder, a useful radiologic clue to the diagnosis is 
increased radiolucency of the pelvis due to fat deposi- 
tion. Although the diagnosis of pelvic lipomatosis can be 
strongly suspected on the basis of the clinical and uro- 
graphic findings, diffuse pelvic neoplasm and especially 
advanced carcinoma of the prostate has been reported 
to produce almost identical findings.141 CT is the defini- 
tive test to prove that the pelvic organ displacement is 
due to excessive fat, obviating the need for further 
workup or surgery in these patients.140,141 MRI may also 
provide this information with no ionizing radiation de- 
livered to the patient. 142,143 

Several other conditions can cause a pear-shaped de- 
formity of the bladder by compressing the bladder from 
both sides and creating vertical elongation of this nor- 
mally spherical organ (Table 3.6). If most of the pressure 
is applied to the superior portion of the bladder, a 
teardrop (pear-shaped) deformity results. Any disease 
process manifested by bilateral and symmetric pelvic 
masses may cause this deformity. Massive pelvic lym- 
phadenopathy, usually due to lymphoma, leukemia, or 
less frequently from prostate cancer, 1s an important dif- 
ferential consideration (Fig. 3.48). Bilateral lymphocysts 
developing after radical pelvic lymph node dissection, bi- 
lateral urinomas, pelvic abscesses, or the unusual occur- 
rence of bilateral iliac artery aneurysms may have a simi- 
lar radiographic appearance. Medial deviation of the 
pelvic ureters is usually an associated feature that mimics 
the findings of retroperitoneal fibrosis in some patients. 

It has also been recognized that a teardrop bladder 
may be a normal variant in young muscular men with a 
combination of iliopsoas muscle hypertrophy and a nar- 
row bony pelvis (Fig. 3.49). Bladder encroachment from 
large iliopsoas muscles may not occur in patients with 
large pelvic brims, whereas those with narrow inlets need 
only a small amount of hypertrophy to cause the 
teardrop bladder.!44,145 In a symptomatic patient, psoas 
muscle hypertrophy can be confirmed by CT (Fig. 


TABLE 3.6. Causes of pear-shaped bladder. 


Perivesical hematoma 

Pelvic adenopathy 

Pelvic lipomatosis 
Retroperitoneal fibrosis 
Bilateral lymphocysts 

Bilateral pelvic abscesses 
Bilateral urinomas 

Bilateral iliac artery aneurysms 
Inferior vena cava occlusion 
Diffuse pelvic neoplasm 
Iliopsoas muscle hypertrophy 
Cutaneous vesicostomy 
Artifact of compression 
Bilateral renal allografts (pelvic) 
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FIGURE 3.48. Pear-shaped bladder secondary to marked bilat- 
eral pelvic adenopathy in a patient with non-Hodgkin's lym- 
phoma. 


3.49B). Also, a ratio of psoas muscle width to pelvic 
width equal to or greater than 0.98 makes the diagnosis 
highly likely.145 (The psoas muscle width is expressed as 
the sum of the width of the right and left psoas mea- 
sured at the level of the iliac crest from a line that inter- 
sects the medial concavity of the L2, L3, and L4 vertebral 
bodies.) 

The differential diagnosis of an inverted pear-shaped 
configuration with medial deviation of the pelvic ureters 
is inferior vena cava occlusion.146 The findings are due 
to extensive pelvic edema and venous collateral channels 
compressing the bladder anteriorly and superiorly, usu- 
ally causing notching of the ureters, which is a useful di- 
agnostic clue. Associated clinical findings that may or 
may not be present include back pain, lower extremity 
edema, and venous collaterals in the lower abdominal 
wall. Inferior vena cava obstruction may be caused by 
neoplasm, trauma, intraabdominal sepsis, or extension 
of a lower extremity thrombosis; or it may be idiopathic. 
The combination of a solid renal mass (especially on the 
right side) with a pear-shaped bladder in the urogram 
suggests a renal carcinoma invading the renal vein and 
inferior vena cava, causing complete obstruction of the 
latter.147 In patients with a cutaneous vesicostomy, which 
was a urinary diversion procedure that enjoyed some 
popularity in the recent past, the attachment of the blad- 
der dome to the anterior abdominal wall may result in a 
pear-shaped appearance of the bladder (Fig. 3.50). Also 
an incorrectly low position of the compression devices 
used during intravenous urography occasionally causes a 
spurious pear-shaped bladder. 


Postsurgical Changes 


Bladder surgery with vesical reconstruction has under- 
gone extensive evolution since the mid-1980s. The blad- 
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A 


FIGURE 3.49. (A) Psoas muscle hypertrophy. IVU in a muscular ment of the bladder by the hypertrophied psoas muscles in the 
26-year-old man with a history of blunt abdominal trauma same patient, who has a relatively narrow bony pelvis. (From 
demonstrates a pear-shaped bladder and medial deviation of Amendola and Pollack,142 with permission.) 

both ureters. (B) CT of the pelvis documents the encroach- 


B 


FIGURE 3.50. (A) Pear-shaped bladder secondary to cutaneous gated appearance of the bladder dome leading to the vesicos- 
vesicostomy. Note the stoma appliance in the left lower quad- tomy stoma in the anterior abdominal wall. 
rant (arrowheads). (B) Oblique view demonstrates the elon- 
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FIGURE 3.51. (A) Contracted bladder secondary to chemical 
cystitis from inadvertent instillation of a caustic solution of sil- 
ver nitrate. A Foley catheter is present in the bladder to drain 


der usually has an abnormal shape after various types of 
bladder surgery; such shapes range from the small, usu- 
ally slightly asymmetric bladder after partial cystectomy 
to bizarre findings after the various types of augmenta- 
tion cystoplasty. The latter is a surgical procedure that in- 
creases bladder capacity. The two main indications for it 
are functional enlargement of a contracted bladder and 
reconstruction (undiversion) of a previous urinary diver- 
sion.148,149 For patients with contracted bladders (e.g., 
those secondary to interstitial, tuberculous, radiation, or 
chemical cystitis) and those with hypertonic neurogenic 
bladders, cystoplasty may be indicated after other treat- 
ment modalities have failed (Fig. 3.51). 

The main goal of anatomic bladder enlargement is to 
convert a high-pressure, noncompliant, small-capacity 
bladder to an organ for urinary storage at low pressures. 
Despite attempts with a wide variety of natural and syn- 
thetic tissues, to date isolated bowel segments (entero- 
cystoplasty) remain the most popular for functionally 
augmenting bladder capacity (Figs. 3.51, 3.52).150 Ana- 
stomosis of the bladder to ileum (ileocystoplasty), cecum 
(cecocystoplasty), sigmoid (sigmoidcystoplasty), and com- 
binations of these structures (e.g., ileocecocystoplasty) 
have been used. For ileocecocystoplasty the ileocecal re- 
gion of the bowel is isolated and rotated 180 degrees 
clockwise; and the cecum is anastomosed to the bladder 
dome. The ureters are usually removed from the bladder 
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the bladder and minimize VUR. (B) The patient underwent 
bladder augmentation (cecocystoplasty) with excellent results. 


a 


FIGURE 3.52. Bowel-augmented bladder with refluxing left 
ureteral anastomosis. 
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and attached to the ileal stump. The ileocecal valve is in- 
tussuscepted and acts as the antireflux mechanism. 

The isolated appendix has been implanted into the 
bladder as a catheter conduit to create a continent cys- 
tostomy in patients unable or unwilling to self-catheter- 
ize their urethra, a technique known as the Mitrofanoff 
procedure (Fig. 3.53). The Mitrofanoff procedure makes 
use of the following principles: a narrow conduit (ap- 
pendix or ureter) brought to the skin, a large leak-proof 
urine storage reservoir (bladder, augmented bladder, 
or colon segment), an antirefluxing communication to 
the reservoir to provide continence, and an easy self- 
catheterizing maneuver to drain the system.!5! More re- 
cently, the stomach has been used as an alternative to in- 
testine for cystoplasty. It offers several advantages over 
bowel, such as excretion of chloride and hydrogen ions, 
which is beneficial in patients with renal failure; less mu- 
cus production than bowel (mucus may potentiate infec- 
tion by serving as a substrate for bacterial growth), favor- 
able fibroelastic and muscular properties, and acidic 
secretions that reduce the number of urinary infections. 
Furthermore, stomach is usually readily available, is not 
often in a field of radiation, and is often uninvolved in 
congenital processes that at times limit the use of large 
and small bowel.!52 Even the bladder itself has been used 
for augmentation (autoaugmentation) by creating a 
large diverticular bulge at the dome by stripping detru- 
sor muscle, leaving the underlying bladder epithelium 
intact and creating a bulging surface to augment blad- 
der capacity and allow low pressure urine storage. 153 

Postoperative radiologic evaluations of bladder aug- 
mentation procedures often demonstrate bizarre find- 


FIGURE 3.53. Postsurgical appearance after Mitrofanoff proce- 
dure (oblique view). The appendix has been reimplanted be- 
tween the bladder and the skin of the anterior abdominal wall, 
providing a conduit for self-catheterization. 
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ings, requiring knowledge of the surgically created 
anatomy and physiology for accurate interpretation. A 
detailed description of the various procedures is beyond 
the scope of this chapter, and the interested reader is re- 
ferred to several excellent reviews in the radiologic and 
urologic literature.154-157 Radiologic evaluation usually 
requires performance of a combination of retrograde 
cystography and excretory urography. Excretory urogra- 
phy alone is usually inadequate because of submaximal 
filling of the enteric segment, dilution of contrast mate- 
rial by residual urine, and inability to evaluate for 
reflux.154 Cystography aided by fluoroscopic positioning 
of the patient to place the enteric segment in the most 
dependent position is usually necessary to achieve ade- 
quate filling. Urinary leakage from any anastomotic site 
may occur during the immediate postoperative period. 
At that time, cystography should be performed with cau- 
tion because overdistention of the bladder may cause ex- 
travasation and subsequent urinary leakage from the 
anastomotic site. 

For ureteral lengthening two surgical procedures that 
are used, sometimes in combination, are the Boari flap 
and the psoas bladder hitch (vesicopsoas hitch) .158-160 
For the Boari flap operation a tube is fashioned from a 
flap of the superior part of the bladder, and the ureter is 
anastomosed to its upper portion (Fig. 3.54). In the vesi- 
copsoas hitch operation, one side of the bladder is mobi- 
lized, elevated, and fashioned into a sausage-like exten- 


FIGURE 3.54. Postsurgical appearance after a psoas hitch with a 
Boari flap. This early postoperative study (a stent is present 
through the anastomosis) shows the typical appearance with- 
out evidence of extravasation or stricture. 


70 


sion that is fixed with sutures into the psoas muscle. 
Combining the two techniques is common and some- 
times is associated with downward mobilization of the 
kidney, allowing replacement of up to 70% of the lower 
ureter.158 The postoperative radiographic appearance is 
rather characteristic. Complications of the procedure 
that can be evaluated by urography or cystography (or 
both) are obstruction and extravasation usually taking 
place at the level of the anastomosis. After radical cystec- 
tomy, a continent catheterization urinary pouch can be 
constructed from ileum alone or with a combination of 
terminal ileum and ascending colon. 

Creation of an intestinal pouch where the ureter is 
anastomosed to the pouch, which is then attached to the 
membranous urethra in men or proximal urethra in 
women, is called a “neobladder.” A wide variety of tech- 
niques are described but are beyond the scope of this 
chapter.!61!-163 If an autostapler is used when bowel is in- 
terposed with the urinary tract during reconstructive 
surgery, there is a potential for the metallic staples to be- 
come exposed to urine and to act as a nidus for stone 
formation. These stones are usually calcified and have a 
characteristic radiologic appearance, as the staple is ec- 
centric in the calculus and not central, as is usually the 
case with a stone forming on a foreign body.!64 


Abnormalities in Position 
of the Bladder 


Hernia of the Bladder 
An abnormally shaped bladder may be due to vesical 


herniation into virtually any nearby pelvic or abdominal 
opening. By far the most common hernia of the bladder 
is into the inguinal ring (predominantly in males) and 
femoral ring (especially in females). If an erect film is 
obtained routinely as part of the radiographic sequence 
of the IVU, it becomes obvious that minor degrees of 
bladder herniation are not uncommon. It has been 
stated that it occurs in 10% of all inguinal hernias in 
men older than 50 years of age.!65 It is likely that small 
bladder hernias found in young patients can become the 
large hernias of the elderly because a chronic increase in 
intraabdominal pressure, bladder outlet obstruction, or 
other situations (e.g., pregnancy) favor that progression. 
Prone views may also disclose bladder herniation into 
the inguinal ring that is not evident in the supine views 
because most commonly the bladder protrudes down- 
ward and anteriorly. Cystography can accurately delin- 
eate the bladder protrusion, and it has been recom- 
mended by some investigators as a routine study in men 
older than 50 years of age with inguinal hernia.!66 

On rare occasions there is a scrotal cystocele in which 
a large portion or even the entire bladder descends into 
the scrotum in either an indirect or a direct inguinal her- 
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FIGURE 3.55. Bladder descending into a right inguinal hernia. 


nia (Fig. 3.55). In these patients a rather specific com- 
plaint of two-stage micturition may be a diagnostic clue. 
After emptying the abdominal portion of the bladder, 
the patient may void again by elevating or compressing 
the hernia.!66 Otherwise most bladder hernias are 
asymptomatic and are incidentally discovered during 
IVU. On the supine views of IVU the diagnostic triad of 
lateral displacement of the distal one-third of the ureter, 
small asymmetric bladder, and incomplete visualization 
of the bladder base in a person with a groin hernia are 
subtle changes that should lead to the suspicion of blad- 
der herniation.!67 Additional erect and prone views usu- 
ally suffice to determine its presence. Of course, preop- 
erative knowledge of the presence of the bladder in the 
hernia sac is of importance before herniorrhaphy. Treat- 
ment of any bladder hernia is simple, provided the con- 
dition is recognized before bladder entry. 

Of related interest is the fact that the presence of an 
inguinal hernia may be associated with extrinsic defor- 
mity of the bladder (and ureter) in the absence of herni- 
ation of the urinary structures.!68 For bowel to enter the 
scrotum, it must first pass on top of or lateral to the blad- 
der to reach the inguinal ring. Compression of the blad- 
der may occur along these surfaces. Lateral flattening of 
the bladder (usually on the left side from herniated sig- 
moid) or even lateral displacement from the midline 
may result. 


Lateral Displacement of the Bladder 


The urinary bladder is a midline structure; any displace- 
ment of the bladder from its usual midline position is al- 
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most always of clinical significance and requires explana- 
tion. If the cause is not apparent from the cystogram or 
IVU, further imaging workup (barium enema, CT, US, 
and rarely MRI) (Fig. 3.56) is usually indicated because 
lateral displacement of the bladder implies the presence 
of a pelvic mass or a mass effect. Rarely, a prevesical 
hematoma into the space of Retzius complicates a pro- 
static biopsy and causes bladder displacement at cystog- 
raphy.169 CT scans better assess the size of the hematoma 
and its evolution.!70 Many of the enumerated entities 
that cause a pear-shaped deformity may produce lateral 
bladder displacement if they are present or predominant 
in a unilateral fashion (Table 3.7). Korobkin and col- 
leagues!71 have enumerated multiple causes of lateral 
bladder displacement (Table 3.7). 


Upward Displacement of the Bladder 


Upward displacement of the bladder and elevation of the 
bladder base are common findings in older men with be- 
nign prostatic hypertrophy (see Chapter 10). Abscess and 
malignant neoplasm of the prostate may cause significant 
upward vesical displacement as well (Fig. 3.57). Pelvic 
hematoma and pelvic lipomatosis are also well known 
causes of this abnormality. Inflammatory processes caus- 
ing marked thickening and edema of the bladder wall 
also separate the contrast material-filled vesical lumen 
from the normally adjacent symphysis pubis. 

There are several entities in females that may create a 
radiographic appearance resembling the enlarged 
prostate in males by elevating the bladder base; they 
comprise the diagnostic gamut of the “female prostate” 


FIGURE 3.56. Lateral deviation of the bladder caused by right 
pelvic adenopathy from a recurrent bladder carcinoma. 
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TABLE 3.7. Causes of lateral displacement of the bladder. 
Hematoma 

Lymphadenopathy 

Lymphocele 

Aneurysm 

Pelvic abscess 

Uterine fibroid/carcinoma 

Ovarian tumor 

Prostate tumor 

Pelvic soft tissue tumor 

Fecal impaction 

Inguinal hernia containing bowel 
Bladder diverticulum 

Urachal remnant 

Seminal vesicle cyst 

Iliac bone tumor 

Pelvic extension of retroperitoneal tumor/abscess 
Pelvic extension of thigh tumor/abscess 
Hip arthroplasty 

Rheumatoid cyst 

Sacral meningocele 


Modified from Korobkin et al.,!71 with permission. 


(Table 3.8).172,173 Diverticula of the female urethra and 
urethral carcinoma constitute examples of clinical signif- 
icance. Postoperative changes with elevation or medial 
impression on the floor of the bladder (or both) are not 
uncommon after vesical neck suspension for stress in- 
continence or cystocele repair (Marshall-Marchetti or 
similar procedures) (Fig. 3.58). The pathologic changes 
in the female urethra, paraurethral glands, and bladder 
neck, manifesting clinically as the urethral syndrome in 
women, may also simulate the enlarged prostate in the 
male by causing an impression on the bladder floor.!74 
One of the most common causes of the “female pros- 
tate” deformity is the presence of sometimes massive de- 
generative spurs arising from the pubic symphysis (Fig. 
3.59). These spurs are commonly associated with asym- 
metric deformity of the symphysis and are probably sec- 
ondary to trauma from multiple vaginal deliveries in 
multiparous women. 


Anterior Displacement of the Bladder 


There are numerous benign and malignant processes in- 
volving the pelvic organs that can cause anterior bladder 
displacement!” (Table 3.9). There is commonly a com- 
bination of lateral, superior, and anterior displacement 
of the bladder, depending on the vector of growth of the 
lesions, with variable degrees of invasion of the vesical 
wall (Fig. 3.60). The lateral view of the pelvis with the 
contrast material-filled bladder adds significant informa- 
tion and can be complemented with opacification of the 
rectosigmoid with contrast material. Lesions arising in 
the sacrum may present with rather characteristic os- 
seous Changes, such as a sickle-shaped sacrum in an ante- 
rior sacral meningocele. Presacral tumors such as ter- 


72 


TABLE 3.8. “Female prostate”: differential diagnosis 
(impressions on floor of female bladder). 


Inflammatory lesions 
Urethral diverticulum 
Periurethritis (urethral syndrome) 


Neoplastic lesions 
Urethra 
Anterior vaginal wall 
Bladder base 


Bony lesions of pubic symphysis region 
Degenerative spurring 
Irregularity/asymmetry of pubic symphysis in multiparous women 
Pubic osteochondroma 


Pressure from adjacent structures 
Cervix in retroverted uterus 
Levator ani muscle 


Postsurgical: after Marshall-Marchetti urethral suspension 


Miscellaneous 


Prostatic tissue (female pseudohermaphrodite) 
Hematoma 


Modified from Amis et al.,173 with permission. 
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FIGURE 3.57. (A) Upward displacement of the bladder (seen on 
anteroposterior view) caused by a leiomyosarcoma of the 
prostate in a 25-year-old man presenting with a short history of 
fever, dysuria, and a boggy pelvic mass on rectal examination. 
(B) Lateral view discloses anterior bladder displacement as 
well. (C) CT scan demonstrates a large prostatic mass displac- 
ing the bladder. (Note the Foley catheter balloon in the con- 
trast-filled bladder.) 


FIGURE 3.58. Medial impression on the floor of the bladder in a 
50-year-old woman after Marshall-Marchetti bladder suspen- 
sion for treatment of stress urinary incontinence. 


A 


FIGURE 3.59. (A) “Female prostate” caused by large osteophytes 
arising from the symphysis pubis in a multiparous woman. Note 
the slight pelvic bone asymmetry with elevation of the left pu- 


atomas and dermoids may have calcifications within 
them, but often other imaging studies (e.g., US and es- 
pecially CT and MRI) are needed for further evaluation. 
The patient’s age is an important consideration because 
some of these pelvic tumors have definite age predilec- 
tion. Pelvic rhabdomyosarcoma (sarcoma botryoides) 
and pelvic neuroblastoma, for example, are relatively 
common pelvic tumors of childhood that can cause 
marked anterior bladder displacement. 


Inferior Displacement of the Bladder 


The most frequently occurring pelvic masses in women 
are uterine leiomyomas (fibroids) and ovarian cysts. 
When they are large enough, marked depression of the 
dome and compression of the bladder may be seen at 
urography or cystography (Fig. 3.61). Uterine fibroids 
are said to produce more bladder deformity than ovar- 
ian cysts because of their closer proximity to the bladder. 
Sometimes it is impossible to distinguish between the 


TABLE 3.9. Causes of anterior bladder displacement. 


Sacral tumor 
Chordoma 
Sacrococcygeal teratoma 
Anterior sacral meningocele 
Other pelvic neoplasm 
Children 
Sarcoma botryoides 
Pelvic neuroblastoma 
Adults 
Retroperitoneal sarcoma 
Lymphoma/uterine/ovarian/prostatic tumor 
Hydrometrocolpos 
Colonic impaction/neoplasm 
Pelvic abscess 
Pregnancy 


3. Imaging of Benign Conditions of the Bladder 73 


B 


bis. (B) Impression on the bladder base is seen on the cys- 
togram mimicking a prostatic impression. (From Amendola,72 
with permission.) 


two conditions, and cross-sectional imaging studies such 
as US or CT are necessary for a more definite diagnosis. 
Despite the large size of some of these supravesical pelvic 
masses, bladder prolapse (cystocele) does not occur in 
the absence of pelvic floor relaxation. Cystocele is down- 
ward displacement of the bladder into the vaginal cavity 
usually seen after childbirth due to damage to the sup- 
porting structures of the pelvic floor. The base of the 
bladder is noted to lie below the level of the symphysis 
pubis, with findings being more evident on the standing 
views (see Chapter 5). With marked degrees of cystocele, 


FIGURE 3.60. Recurrent malignant melanoma of the vagina 
causing a pelvic mass with marked anterior displacement of the 
bladder (B). Note the bladder wall irregularity suggestive of 
malignant invasion. 
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FIGURE 3.61. Large uterine mass causing marked compression 
of the bladder. No vesical descensus is present. 


obstructive hydroureteronephrosis and recurrent uri- 
nary infections may be present (Fig. 3.62).176 There is 
smooth symmetric tapering of the distal ureters, with the 
point of obstruction at the lowermost segment of the 
ureter close to the bladder. The trigone is caudally dis- 
placed, resulting in mechanical deformity of the ureteral 


FIGURE 3.62. Cystocele causing bilateral ureteral obstruction. 
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meatus and consequent obstruction. For further details 


see Chapter 5. 


Posterior Displacement of the Bladder 


Posterior displacement of the bladder is uncommon. Tu- 
mor and abscesses arising from the anterior pelvic wall 
may produce it, but rectus sheath hematoma is probably 
the most common etiology. Blood dyscrasias, anticoagu- 
lation, pregnancy, labor, recent surgery involving the an- 
terior abdominal wall, and direct trauma are etiologic 
factors. Views in the lateral projection are important for 
diagnosis and evaluation of the extent of the hematoma. 


Abnormalities in the 
Size of the Bladder 


An absolute definition of normality regarding the size of 
the bladder is fraught with error. What is of practical im- 
portance is the functional capacity of the bladder or, in 
other words, the ability of this organ to accomplish its 
function of urine storage. Correlation between normal 
bladder size and the dimensions of the osseous pelvis has 
been attempted, and it has been stated that the normal 
height of the distended bladder in adults should not ex- 
tend above the S2 sacral segment and in children not 
above the L4—5 interspace.177 

A small-capacity bladder may be seen with various etio- 
logic mechanisms (Table 3.10). Acute and chronic cysti- 
tis may decrease the bladder capacity by causing bladder 
irritability, a marked increase in bladder wall thickness 
that decreases the bladder lumen, or a scarred con- 
tracted reservoir (or all three). Classic examples of eti- 
ologies of a small, contracted bladder include interstitial 
cystitis, hemorrhagic cyclophosphamide cystitis, tubercu- 


TABLE 3.10. Small capacity bladder. 


Partial cystectomy 
Unused bladder 
Ileal loop diversion 
Chronic renal failure 
Infectious cystitis 
Tuberculosis 
Schistosomiasis 
Post viral cystitis (varicella) 
Radiation cystitis 
Chemotherapy cystitis 
Chemical cystitis 
Interstitial cystitis 
Eosinophilis cystitis 
Neurogenic bladder (spastic) 
Repeated fulgurations 
Infiltrating bladder carcinoma 
Total incontinence 
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lous infection, and chemical insults as from instillation 
of caustic solutions (Fig. 3.51). These conditions may be 
indistinguishable radiographically. VUR is a frequent as- 
sociation in these cases. 

Most patients with a bladder that has been defunction- 
alized for a prolonged period have reduced bladder ca- 
pacity when assessed initially, often associated with re- 
duced compliance or evidence of uninhibited bladder 
contractions. The unused, nonfunctional bladder may 
be secondary to a previous urinary diversion or to de- 
creased urine production in a patient with end-stage re- 
nal failure. Another cause of an unused bladder is total 
incontinence, which prevents filling of the bladder. Re- 
nal transplant candidates who have been maintained on 
hemodialysis or peritoneal dialysis for years and patients 
who are candidates for “undiversion” procedures are 
commonly evaluated by cystourethrography to assess 
bladder capacity and morphology, the presence of re- 
flux, and urethral anatomy. In most cases the small ca- 
pacity of the unused bladder can be reversed by a period 
of hydrostatic cycling (intermittent filling of the bladder 
with increasing volumes of fluid) with or without associ- 
ated pharmacologic control. A bladder that demon- 
strates little increase in functional capacity after 3 weeks 
of physiologic cycling probably requires augmentation 
or substitution. 

Large bladders (Table 3.11) are commonly the result 
of neuromuscular dysfunction, such as with spinal cord 
trauma, spinal cord tumors, diabetes, and the like, or are 
secondary to chronic bladder outlet obstruction with 
progressive detrusor decompression resulting in thin- 
ning of the bladder wall and large residual volumes. 
Functional obstruction of the upper tracts may be pres- 
ent!78 (Fig. 3.63). In children, other entities such as con- 
genital absence of the abdominal musculature (prune- 
belly or Eagle-Barrett syndrome) and the so-called 
megacystis syndrome are causes of a marked increase in 
bladder size. 


TABLE 3.11. Causes of a large bladder. 


Congenital 
Congenital megacystitis 
Megacystis-megaureter syndrome 
Megacystis-microcolon-hypoperistalsis syndrome 
Prune-belly syndrome 
Bladder outlet obstruction 
Congenital: posterior urethral valves 
Acquired: benign prostatic hypertrophy, urethral stricture 
Neurogenic bladder 
Increased urine production 
Diabetes insipidus 
Nephrogenic diabetes insipidus 
Bartter syndrome 
Infrequent voider 
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FIGURE 3.63. Distended bladder in a patient with urinary reten- 
tion causing bilateral ureterohydronephrosis, which dimin- 
ished significantly after draining the bladder. 


Benign Bladder Tumors and 
Miscellaneous Conditions 


Benign tumors of the bladder are uncommon. Often be- 
nign bladder tumors are nonepithelial, such as leiomy- 
oma, the most common benign bladder tumor. Heman- 
giomas may be seen in patients with Klippel-Trenaunay 
syndrome (Fig. 3.34) and identified by the typical phle- 
boliths. Pheochromocytoma (or extradrenal paragan- 
glioma) may present as an intramural mass in the blad- 
der with a bright signal on T2-weighted MRI; the 
diagnosis rests on laboratory and clinical features. | 
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Neurogenic Bladder and Radiology 
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The urinary bladder is a hollow, muscular organ that in 
a fully distended state assumes a nearly spherical shape. 
It has been roughly divided into two poorly demarcated 
components based on their innervation, response to 
pharmacologic agents, and structure of the detrusor 
musculature: the body, or fundus, and the base.! These 
two components of the bladder have been arbitrarily di- 
vided circumferentially at the level of the ureteral ori- 
fices, with the body located cranially and the base cau- 
dally. The base is in direct continuity with the proximal 
urethra and encompasses the superficial and deep 
trigone, the anterior bladder wall, and the deep detru- 
sor musculature supporting the trigone. It has been con- 
sidered a single anatomic and functional unit together 
with the proximal urethra. 

The musculature of the bladder, including the area of 
the vesical neck, has been extensively studied and is com- 
plex. Microscopic examination of the detrusor in the 
body of the bladder has revealed that the component 
bundles have a plexiform organization without recogniz- 
able arrangement into discrete layers.2 The bundles cross 
each other freely, have no definite orientation, change 
levels in the bladder wall, and branch out to unite with 
other adjoining bundles. The bladder wall is thus com- 
posed of bundles weaving in and out, changing planes, 
changing directions, and changing levels, but it is still a 
directly continuous filament. This architectural structure 
allows the bladder to be three-dimensionally distensible 
and the base relatively fixed as a flat plate that encircles 
the vesicourethral junction and maintains its closure to 
ensure continence during bladder filling (Fig. 41.1). 

As the muscle bundles approach the level of the 
ureteral orifices and bladder neck, they become orga- 
nized into three distinct layers: an inner longitudinal 
layer, a middle circular layer, and an outer longitudinal 
layer. Whether they continue on into the urethra has 
been the subject of much debate. Tanagho,4 Wood- 
burne,5 Elbadawi,6 and Hutch and Rambo? have stated 
that the longitudinal muscle of the bladder base extends 
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into the proximal urethra as its inner longitudinal layer. 
This arrangement, however, has been challenged by oth- 
ers, who have stated that all muscle bundles of the detru- 
sor end at the urethral orifice7-9 (Fig. 41.2). 

Although the vesical neck does not have an anatomic 
sphincter, the circular fibers of the deep detrusor 
musculature may provide a functional basis for one. 
The abundance of elastic tissue in the submucosa and 
the tone of the urethral muscles also contribute to the 
sphincter-like properties of this area.!0 It acts as a mecha- 
nism for urinary continence and prevents retrograde 
ejaculation.!! An analogous sphincter is not present in 
females. 


Male Continence Mechanism 


The posterior urethra in males was divided into two con- 
tinence zones by Turner-Warwick: a proximal zone and a 
distal urethral zone (Fig. 41.3). The proximal conti- 
nence mechanism is centered on a physiologic sphincter 
involving the bladder neck and the preprostatic sphinc- 
ter.12 The distal urethral sphincter extends from the 
verumontanum, traverses the prostatic apex, and ends at 
the perineal membrane. The two continence zones are 
important, as surgery that preserves at least one mecha- 
nism maintains urinary continence.13 The proximal ure- 
thral continence mechanism is basically involuntary, 
whereas the external distal sphincter mechanism is un- 
der voluntary control. 

The sphincter resistance may be implied in a measure 
called functional urethral length, which refers to the 
length of the posterior urethra that is capable of exert- 
ing pressure that exceeds the intravesical pressure with- 
out a detrusor contraction. Radical retropubic prostatec- 
tomy results in shortening of the functional urethral 
length, and preservation of much of the distal sphincter 
during the procedure helps reduce the incidence of 
postprostatectomy incontinence. 
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FIGURE 41.1. Hutch schema of the bladder base and outlet dur- 
ing micturition. (A) Bladder base in its relaxed, or passive, 
phase. 1 = deep trigone; 2 = right lateral posterior outer longi- 
tudinal muscle lying underneath Waldeyer’s sheath; 3 = medial 
posterior outer longitudinal muscle inserting into the apex of 
trigone; 4 = anterior inner longitudinal muscle; 5 = anterior 
outer longitudinal muscle; 6 = Waldeyer’s sheath; 7 = fundus 


In the intact male, one can consider the entire poste- 
rior urethra (from bladder neck to the distal end of the 
membranous urethra) and contiguous tissues to be a sin- 
gle continence mechanism. With this concept, the vesi- 
courethral junction, prostatic urethra, and membranous 
urethra are considered the intrinsic or internal sphinc- 
ter, whereas the periurethral striated muscle surround- 
ing the internal sphincter is called the external sphinc- 
ter. The periurethral striated muscle is voluntary and 
heavily concentrated at the region of the membranous 
urethra, whereas the internal sphincter is involuntary. 
Continence is thought to be dependent on a combina- 
tion of factors, including urethral wall tension, the cal- 
iber of the urethral lumen, and the functional length of 
the urethra.!4.15 The striated muscles surrounding the 
urethra are not essential for urinary continence during 
nonstrenuous activities but augment the internal sphinc- 
ter during strenuous activity. The external sphincter 
(striated muscles) is important to voluntary termination 
of micturition. 

An anatomic sphincter between the bladder and the 
urethra has not been identified, although radiographic 
studies and measurements of urethral pressure indicate 
the existence of a physiologic internal sphincter, which 
maintains urinary continence by closing the bladder 
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ring of the base plate. (B) Bladder base in its active, or voiding, 
phase. Labels are as in (A). The bladder neck is open, but its 
position has not changed. All the action is occurring above the 
bladder neck. (Adapted from Hutch JA: Anatomy and Physiol- 
ogy of the Bladder Trigone, and Urethra. Norwalk, CT, Apple- 
ton-Century-Crofts, 1972, p. 112, with permission.) 
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FIGURE 41.2. Anatomic definitions of the bladder and outlet as 
described by Gosling and Dixon (left side) and by Elbadawi 
and coworkers (right side). Dixon and Gosling: 1 = superficial 
trigone; 2 = deep muscle; 3 = bladder neck; 4 = rhabdosphinc- 
ter; 5 = periurethral striated muscle. Elbadawi et al.: l-a = 
ureteral trigone; 2-a,b,c = lissosphincter; 2-a = periureteric 
sheath; 2-b = detrusor base; 2-c = urethral muscularis. 
(Adapted from Torrens and Morrison,30 with permission.) 
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FIGURE 41.3. Functional anatomy and 
innervation of the male continence 
mechanism. (From Hadley et al.,!6 with 
permission. ) 
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neck and urethra. Urinary continence can be main- 
tained by an intact bladder neck alone,!6-18 without a 
functioning distal sphincter mechanism. 


Female Continence Mechanism 


Unlike in the male, where a physiologic sphincter is 
fairly well defined, an analogous sphincter is not present 
in females. The main sphincter activity is found in the 
entire proximal three-fourths of the urethra. At this site, 
especially at the midurethra, the vascular plexus is most 
abundant, and the smooth and striated muscles are best 
developed. 

To be continent, the urethra must seal properly, the 
urethral pressure must be higher than the bladder pres- 
sure, and the bladder must be under control. Aside from 
urethral compression, the inner urethral folding is 
thought to contribute to urethral sealing. The inner epi- 
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thelial surface is richly folded to allow complete apposi- 
tion of the mucosa. The rich network of veins, elastic tis- 
sue, and collagen fibers forms a spongy layer that fills 
the urethral folds.19 The urethral venous plexus has like- 
wise been theorized to contribute to the urethral high 
pressure zone and is regarded as an auxiliary closure 
mechanism.20 This theory was based on findings by En- 
horning of vascular pulsations, especially at the urethral 
high pressure zone, on urethral profilometry20 and was 
confirmed by others.21,22 

The urethral sealing effect has been noted to decrease 
with increasing age. Hormonal factors have been impli- 
cated as playing a role, as an atrophic mucosa seen in 
menopausal women can lead to a decrease in the ure- 
thral sealing effect. With aging, muscle tone likewise de- 
creases, and the possibility of incontinence increases. 

The anatomic disposition of the urethral smooth mus- 
cle has been well studied. It consists of a thick inner lon- 
gitudinal layer and a thin outer circular layer. Because 
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the outer circular layer is thin, its exact role in the ure- 
thral closure mechanism is debated. Evidence shows that 
the urethral smooth muscles play an important role as 
manifested by a 35-65% drop in urethral pressure when 
the drug phentolamine is given intravenously.23 -25 

An important component of the urethral closure 
mechanism is the striated urethral muscle, most of which 
is composed of muscles of the urogenital diaphragm. 
The urogenital diaphragm is a continuous fan of skeletal 
muscle oriented transversely and covering the anterior 
surface of the urethra and distal vagina. The extent to 
which this diaphragm encircles the urethra and vagina 
depends on the level at which the transverse section of 
the urethra is taken. The striated urethral muscle fibers 
surround the entire urethra in the region of the bladder 
neck and proximal third of the urethra. They incom- 
pletely surround the urethra beginning at the middle 
third, with some fibers encircling both urethra and 
vagina to insert posteriorly at the rectovaginal septum. 
Brodel’s diagram of the urogenital diaphragm illustrates 
this concept. Oelrich went further by dividing the uro- 
genital diaphragm into three parts: a urethrovaginal 
sphincter (most inferior portion, which completely en- 
circles the vagina), the constrictor urethra (middle por- 
tion), and the urethral sphincter (fibers around the 
proximal third of the urethra).26 The sphincter urethrae 
corresponds to the rhabdosphincter described by others 
and surrounds the urethral lumen for approximately 
20-60% of its length.27 


Innervation 


The innervation of the lower urinary tract is derived 
from three sets of peripheral nerves: the sacral parasym- 
pathetic chain (pelvic nerves), the thoracolumbar sym- 
pathetic chain (hypogastric nerves and sympathetic 
chain), and the sacral somatic (pudendal nerves) nerve 
supply. Although bladder storage can be accomplished 
without neural control, normal voiding cannot be 
achieved without motor impulses from the central ner- 
vous system.28 


Parasympathetic Nervous System 


The sacral parasympathetic nerve supplies sensory (af- 
ferent) and motor (efferent) fibers to the urinary blad- 
der (Fig. 41.4). The afferent fibers carry pain, tempera- 
ture, and proprioception (sensation of fullness and 
distention) impulses, and the efferent fibers carry motor 
impulses to the detrusor. The spinal center for micturi- 
tion is located in sacral segments 2—4 of the spinal cord, 
and the motor neurons of the pelvic detrusor nerve are 
located in the intermediolateral areas of these segments. 
The long preganglionic fibers synapse at the ganglia lo- 
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FIGURE 41.4. Bladder and its innervation. 


cated in the wall of the bladder from which the short 
postganglionic fibers directly innervate the detrusor 
muscle. Within the bladder wall the nerves pursue a tor- 
tuous course that enables them to accommodate stretch- 
ing during bladder filling. | 


Sympathetic Nerve Supply 


The sympathetic nerve supply originates from the lower 
thoracic and upper lumbar segments, mainly T10-L2 
(Fig. 41.4). These sympathetic fibers descend into the 
sympathetic trunk and then to the lumbar splanchnic 
nerves, which reach the superior hypogastric plexus. 
Sympathetic fibers provide the motor nerve supply to 
the trigone and lower end of the ureters. The sympa- 
thetic nerve endings are both a- and B-adrenergic with a 
predominance of a-adrenergic receptors in the bladder 
base and proximal urethra and B-adrenergic receptors 
in the bladder dome and lateral wall (bladder fundus or 
body) 1,29-34 


Somatic Motor Nerve Supply 


The pudendal nerve supplies motor impulses to the stri- 
ated muscle surrounding the urethra. Impulses originate 
from qa@-motoneurons located in the ventral horns of 
sacral segments 2—4. Collectively these cells are com- 
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monly called pudendal or sphincter motoneurons and 
are often referred to as Onufrowicz’s (Onuf’s) nu- 
cleus.10,35,36 The nucleus lies ventral and adjacent to the 
sacral parasympathetic nucleus. 


Physiology of Micturition 


Normal micturition is a coordinated action between the 
detrusor muscle, the bladder neck or proximal urethra, 
and the external striated urethral sphincter. In adult 
mammals the area responsible for the synergistic action 
of the two muscles is located in the brainstem. The re- 
gion involved is located in the dorsolateral pons and is 
known as Barrington’s area, the M region, or the pon- 
tine micturition center (PMC).37-40 In the cat electrical 
stimulation of the M region results in relaxation of the 
pelvic floor and urethral sphincter followed 2 seconds 
later by bladder contraction. This area in the rostral 
brainstem plays an essential role in the neural control of 
lower urinary tract function.4!,42 

Investigation in cats and dogs suggests that, aside from 
the commonly known pontine micturition center, which 
is responsible for urine emptying, a second center exists 
and functions primarily as a urine storage facilitator 
(PUSFC) .43 Micturition is thus controlled by close coor- 
dinate operation of the two centers, which are intimately 
located in the pontine level. 

Various anatomic and physiologic data indicate that 
urinary bladder and urethral sphincter activity are coor- 
dinated by the PMG, and that micturition (at least in ani- 
mals) is dependent on a long-latency spinobulbospinal 
reflex arc that involves the PMC, the afferent and effer- 
ent pathways to the sacral level of the spinal cord.42,44- 48 

In humans, micturition is considered an entirely reflex 
activity in children below the age of 2-4 years. Normal 
micturition is a coordinated action between the detrusor 
muscle of the bladder and the external striated urethral 
sphincter. Detrusor-sphincter synergy (coordinated void- 
ing) is mediated by the pontine micturition center40 and 
is activated by vesical mechanoreceptor afferents, which 
respond to bladder filling and distention. Impulses are 
sent via the pelvic and hypogastric nerves to the detrusor 
nucleus in the midbrain. Efferent activity is then sent 
from the midbrain through neurons projecting to the 
sacral intermediolateral column.49 Impulses reach the 
bladder and external urethral sphincter via parasympa- 
thetic and sympathetic fibers in the pelvic and hypogas- 
tric nerves. At the same time, the sphincter or pudendal 
motoneurons are inhibited to produce complete relax- 
ation of the periurethral striated muscle. As the external 
sphincter relaxes and the detrusor contracts, the bladder 
neck opens and urine flow starts. The detrusor contrac- 
tion usually generates 40-60 cm H,O pressure to pro- 
duce a normal urinary stream, and the bladder empties 
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its entire content by the end of micturition. There is still 
some debate as to whether the bladder neck is opened 
actively by the contracting detrusor, as depicted by 
Hutch and Rambo,3 or the smooth muscle relaxes be- 
cause of synergistic inhibition of sympathetic activity in 
this region. Elbadawi maintained that the bladder neck 
is opened through interaction of the parasympathetic 
and sympathetic circuits within the ganglia innervating 
the bladder and urethra.50 

Beyond 2-4 years of age, cortical control over micturi- 
tion matures such that voiding becomes voluntary. Once 
initiated, however, micturition is carried out by auto- 
nomic reflexes.5! The cortical control of micturition is 
anatomically located in the frontal lobe, which includes 
the anterior cingulate gyrus and superomedial portion 
of the middle of the frontal lobe. Other areas that exert 
an influence on the PMC include the thalamus, red nu- 
cleus, substantia nigra, and subthalamic portion of the 
basal ganglia.52 Experimental studies in rats, cats, and 
dogs have led investigators to conclude that activity of 
the PMC is continuously modulated by inhibitory and 
excitatory impulses from these areas of the brain. 

Normal bladder function is dependent on neural com- 
ponents for storage and coordinated, controlled evacua- 
tion. Neurogenic bladder and voiding dysfunction may 
result from lesions that interrupt the cerebrospinal axis 
and peripheral nerves to the bladder. Early diagnosis is 
necessary to avoid permanent damage to the urinary 
tract. It may first manifest as recurrent episodes of uri- 
nary tract infection or acute urinary retention. Lower 
urinary tract symptoms may be both “irritative” and “ob- 
structive” in nature. They include such symptoms as hes- 
itancy, urgency with or without incontinence, urinary 
frequency, straining to void, sensation of incomplete 
bladder emptying, nocturia, and intermittent stream. 
Sexual impotence or priapism may also be a manifesta- 
tion of an underlying neurologic etiology. 


Evaluation of the Patient 


History and Physical Examination 


Evaluation should start with an accurate history and 
complete physical examination including a neurologic 
evaluation. An understanding of the anatomy and patho- 
physiology of voiding dysfunction is necessary. Salient 
points that should be investigated are a history of 
trauma, pelvic surgery involving the genitourinary tract 
and lower gastrointestinal tract, congenital anomalies of 
the spine such as what is seen in spinal dysraphism, sex- 
ual dysfunction, urinary incontinence, and recurrent 
urinary tract infection. Whatever the presenting symp- 
tom may be, the problem probably revolves around two 
processes: bladder filling and storage and bladder emp- 
tying (or a mixture of the two). 
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Physical examination should include pelvic and rectal 
examinations. The rectal examination should emphasize 
assessing the anal sphincter tone, the presence of the 
bulbocavernosus reflex, and sensation to the saddle and 
perineal area. During a rectal examination the prostate 
should be palpated for tenderness or masses. The bulbo- 
cavernosus reflex test may be performed with the finger 
in the rectum. The glans penis is squeezed or the clitoris 
is pressed against the pubic bone to elicit a reflex anal 
sphincter contraction. The presence of the bulbocaver- 
nosus reflex implies an intact sacral reflex arc. Voluntary 
contraction of the anal sphincter tests the integrity of the 
corticoregulatory tract.53 Normal perineal sensation also 
indicates intact afferent nerve fibers. 

In females a pelvic examination should be performed 
to assess for cystocele or laxity of the pelvic musculature. 
A provocative stress test can be done by asking the pa- 
tient to strain or cough with a full bladder to check for 
urinary incontinence. Palpation of the lower abdomen 
during a bimanual examination should also check for 
pelvic masses. 


Cystometry 


Cystometry is a test of bladder function that measures 
bladder capacity and bladder pressure. It is usually indi- 
cated in cases of urinary incontinence, elevated residual 
urine and complete urinary retention, recurrent urinary 
tract infection, and voiding symptoms such as frequency, 
urgency, or difficulty emptying. 

One must distinguish between filling cystometry, com- 
monly called a cystometrogram (CMG), and voiding cys- 
tometry (pressure flow study). Although each can be 
done in sequence, filling cystometry evaluates the 
changes in bladder pressure with slow, progressive in- 
creases in volume. It consists of two phases: During the 
first phase the postvoid residual is measured by inserting 
a small-bore catheter after the patient is instructed to 
void on arrival at the clinic. Bladder sensation is likewise 
tested using hot and cold water, and perineal sensation is 
verified using a pin. Prior to starting the examination, 
anal tone, volitional control of the anal sphincter and 
the presence of a bulbocavernosus reflex are tested. The 
second phase of CMG begins at the infusion of filling 
media into the bladder. | 

These preliminary examinations are important be- 
cause they test the integrity of the neural connections 
between the bladder and the central nervous system. In 
adults the normal range of residual urine is 0-50 ml, al- 
though volumes of as much as 150 ml may be acceptable. 
Normally, an efficient bladder should be able to empty 
completely. The postvoid residual volume, whether it is 
part of the CMG or isolated information in the care of a 
patient being managed for voiding dysfunction, is im- 
portant information and must be documented. All too 
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often the patient is catheterized because of an inability 


to void or as part of an examination (e.g., for a cys- 


togram) without paying attention to the volume of urine 
drained immediately after catheterization. This volume 
must be recorded in the chart and be included as part of 
a report if one is required. 

Two media can be used for filling cystometry: sterile 
fluid (usually water) and CO% gas. Water is the preferred 
medium, especially if voiding and pressure flow studies 
are to be performed. The simplest, most inexpensive 
setup comprises a set of disposable tubing attached at 
one end to a bag of sterile fluid and at the other to an in- 
dwelling Foley catheter. Results must be manually 
recorded. Automatic infusion can be undertaken using 
more modern machines and the results recorded in a 
computer. 

The sterile fluid is then infused at a constant rate, usu- 
ally 50-100 ml/min in adults. Patients are instructed to 
inform the investigator when their first sensation to void 
occurs and when the bladder feels extremely full. Unin- 
hibited detrusor contractions are likewise recorded. Car- 
bon dioxide cystometers insufflate gas contained in a 
cartridge at a rate of up to 300 ml/min, although the 
usual infusion rate is 100 ml/min. The examination, 
which is rapid, clean, and without danger, provides qual- 
itatively approximate data limited solely to the filling 
phase. 

The intravesical pressure obtained during the exami- 
nation is not the true detrusor pressure. To obtain the 
true detrusor pressure, a rectal pressure balloon 
catheter is inserted into the rectum prior to starting the 
examination. The difference between the intravesical 
pressure and the rectal balloon catheter is recorded as 
the true detrusor pressure. 

The filling cystometrogram recording comprises four 
phases®4,55 (Fig. 41.5). Phase 1 is the initial rise in blad- 
der pressure associated with the start of fluid infusion. It 
represents the initial response to filling and is character- 
ized by an initial rise in intravesical pressure of 5-10 cm 
H,O. It may reflect the initial resistance of the detrusor 
musculature to stretch and the resistance encountered 
by the fluid medium to the catheter being used. This 
phase is called tonus limb I. 

The initial rise then levels off, and the second phase 
(tonus limb II) begins. This phase is characterized by 
high compliance associated with a minimal rise in pres- 
sure as the volume increases. This property of the blad- 
der has been attributed to the viscoelastic properties of 
the bladder wall. Several authors have stated that a rise 
of not more than 3-6 cm H,O should occur during this 
phase; as a result, it has been described as the accommo- 
dation phase. 

As the elastic limit of the bladder is reached, a more 
rapid increase in bladder pressure is noted with further 
increase in volume. Accommodation by the bladder may 
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FIGURE 41.5. Normal adult cystometrogram demonstrating the 
various phases. 


take place and is attributed to stretching of collagen 
fibers within the bladder wall. This phase is termed 
tonus limb III. 

Once this limit is reached, phase 4 begins and marks 
the initiation of voiding. Approximately 50% of individu- 
als with normal bladder function can void on command 
at capacity during the examination. The other half expe- 
rience psychogenic inhibition or may be inhibited by the 
environment and the instrumentation to which they 
have been subjected. For this reason the lack of voiding 
has no significance unless it is correlated with other cys- 
tometric findings. 

Depending on the results of either the filling or void- 
ing cystometrogram, other ancillary procedures can be 
done to confirm the presence of neurologic lesions that 
can result in neurogenic bladder dysfunction. These pro- 
cedures are discussed in greater detail below. 


Denervation Sensitivity Test 


The bethanechol supersensitivity test devised by Lapides 
et al.56 is based on the principle that denervation causes 
a hypersensitivity reaction to even small amounts of 
acetylcholine released at the nerve endings (Cannon’s 
law) .57 The test has been reported to have good speci- 
ficity and sensitivity for detecting neuropathic blad- 
ders.58 The test is useful in patients suspected of having 
neurogenic bladder with complaints of incomplete emp- 
tying as evidenced by large postvoid residuals, perineal 
hypesthesia, and obstructive symptoms without a demon- 
strable anatomic obstruction. When the test is positive, 
more extensive neurologic evaluation is indicated. 

The test is performed in conjunction with filling cys- 
tometry. After baseline cystometry, 2.5 mg of bethane- 
chol chloride is given subcutaneously and the test re- 
peated after 20 minutes. The intravesical pressure at 
100 ml of fluid infused is then compared before and af- 
ter the injection. If the increase in intravesical pressure 
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is less than 20 cm, the test is negative. If the increase is 
more than 20 cm, the test is positive and suggests 
significant bladder denervation. Experience has shown 
that supersensitivity develops within 1-3 weeks after bi- 
lateral bladder denervation. Most unilaterally dener- 
vated canine bladders do not develop a supersensitive 
response.59 


Banthine Test for Detrusor Hyperreflexia 


When an abnormal increase in bladder pressure is ob- 
served during bladder filling that is not due to an in- 
crease in intraabdominal pressure, it may have several 
causes. It may be due to hypertonicity of the detrusor, in- 
voluntary detrusor contractions, or noncompliance of 
the bladder wall. If the abnormal increase is not clear-cut 
on cystometry, one may use the standardized Banthine 
test to distinguish between the two conditions. The anti- 
cholinergic agent Banthine blocks the cholinergic trans- 
mission of impulses at the myoneural junction, pre- 
venting the occurrence of detrusor contractions and 
providing confirmation of the diagnosis of an uninhib- 
ited bladder. A 50 mg intravenous dose of methanthe- 
line bromide is administered at the end of the cystomet- 
rogram, which has suggested uninhibited contractions. 
A repeat study is then performed a few minutes after the 
anticholinergic effect is seen. Detrusor contractions 
present in the first study should be abolished or their 
amplitude reduced if they are truly involuntary detrusor 
contractions. If the rise in pressure is due to myogenic 
hypertonicity, the anticholinergic agent has no effect. 
Because Banthine is no longer available, other anticho- 
linergic agents may be used and should produce similar 
result. 


Bors Ice Water Test 


In 1957 Bors and Blinn6 described a mucosal spinal re- 
flex in patients with cord lesions above the conus (upper 
motor neuron lesion). It was activated by ice water instil- 
lation into the bladder and resulted in reflex contraction 
of the detrusor (positive ice-water test). It was negative 
when lesions occurred at the conus or cauda equina 
level (lower motor neuron lesion). The neuronal mecha- 
nism underlying this bladder cooling effect is not fully 
explained. Extensive studies in the cat have shown that 
the cooling response is a reflex elicited by the bladder 
and urethral receptors other than those involved in mic- 
turition. The reflex has a dynamic threshold tempera- 
ture of 30°-32°C.61 It has also been found that cold- 
sensitive receptors in cat bladders have unmyelinated C 
afferent fibers in the pelvic nerve. Centrally, these path- 
ways are partly separate from those of the micturition re- 
flex.62 


4.1. Neurogenic Bladder 


This mucosal spinal reflex described by Bors and Blinn 
may be the human counterpart of the reflex noted in 
cats. The estimated threshold temperature of the human 
reflex was 20°—33°C (median 24°C) .63 This test has been 
shown to differentiate between upper and lower motor 
lesions.64 A positive ice water test is a strong indicator of 
an occult neurologic problem in the absence of lower 
tract inflammation. 


Neurogenic Bladder: Classification 


Neurologic conditions affecting the brain or any of the 
neural pathways connecting the brain with the lower uri- 
nary tract results in neurologic voiding dysfunction. Sev- 
eral classification systems have been devised in an at- 
tempt to determine the site of the lesion and predict the 
functional outcome to the lower urinary tract. 

Some of the ways to classify neurogenic voiding dys- 
function are based on the functional outcome on void- 
ing. An example is the failure to store or failure to empty 
urine properly. Among the easiest to understand is dif- 
ferentiating whether the lesion is of an upper or a lower 
motor neuron type. In simple terms, lesions involving 
the sacral reflex arc and distally are called lower motor 
neuron type, and suprasacral lesions are classified as up- 
per motor neuron type. Typically, lesions of the lower 
motor neuron type result in detrusor areflexia, whereas 
lesions involving the upper motor neurons result in de- 
trusor hyperreflexia. 

The clinical picture is more complex, as the neural 
pathways of the urinary tract are not only numerous but 
also not yet fully explained. Mixed forms of neurogenic 
bladder may be found when lesions overlap the various 
neural pathways involved in micturition. The best exam- 
ple is the patient with spina bifida. One further needs to 
understand some fine details of the upper and lower 
motor neuron lesions. Reflex patterns through the 
pelvic and pudendal nerves are intact in upper motor 
neuron lesions, whereas they are absent in lower motor 
neuron lesions. 

In an attempt to further localize the anatomic lesion 
and explain the typical clinical manifestations of neuro- 
genic voiding dysfunction, Lapides classified bladder 
dysfunction into five types.65,66 


1. Reflex neurogenic bladder: complete upper motor 
neuron 

2. Uninhibited neurogenic bladder: incomplete upper 
motor neuron 

3. Autonomous neurogenic bladder: complete lower 
motor neuron 

4. Motor paralytic neurogenic bladder: localized lower 
motor neuron 

5. Sensory paralytic neurogenic bladder: localized sen- 
sory neuron 
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Reflex Neurogenic Bladder 


Reflex neurogenic bladder is seen in patients with com- 
plete spinal cord lesions above sacral segments 2—4 (Fig. 
41.6). Clinical conditions that can lead to this abnormal- 
ity are spinal cord lesions producing quadriplegia or 
paraplegia. Advanced multiple sclerosis may also eventu- 
ally lead to this condition. 

During the initial phase of the spinal cord injury, 
called the spinal shock stage, detrusor activity is com- 
pletely absent. This stage usually lasts 6-8 weeks with 
complete cord lesions but may remain for a much longer 
period (up to 1-2 years) .36,41.67 With incomplete lesions, 
spinal shock can be present for only a few days. 

Reflex neurogenic bladder starts when detrusor activity 
returns and bladder contractions are involuntary. These 
detrusor contractions are triggered by bladder distention 
and are associated with a lack of proprioceptive or extero- 
ceptive sensations. The emergence of detrusor contrac- 
tions in complete cord lesions is believed to result from 
restoration of the sacral reflex arc below the lesion. 


Cerebral Cortex 
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FIGURE 41.6. Sites of lesions in the cerebrospinal axis and the 
most common types of neurogenic bladder dysfunction based 
on the lesion. A = reflex neurogenic bladder; B = uninhibited 
neurogenic bladder; C = autonomous neurogenic bladder; 
D = motor paralytic bladder; E = sensory neurogenic bladder; 
S.G. = spinal ganglion. 
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These involuntary contractions are reflex mechanisms in 
the spinal cord that can mediate bladder contractions 
and voiding. This has been shown to be prominent in 
newborn animals but weak or absent in adults with an in- 
tact nervous system. In adults with spinal cord lesions 
above the lumbosacral segments, this reflex arc has been 
shown to reemerge. These spinal pathways mediate invol- 
untary or automatic micturition with poor coordination 
between detrusor contraction and urethral relaxation 
(detrusor-external sphincter dyssynergia). Dyssynergia 
occurs in approximately 70-90% of patients and may re- 
sult in incomplete bladder emptying36.68,69,69 (Fig. 41.7). 
Cystometric evaluation at this ttme demonstrates the 
presence of uninhibited contractions with no voluntary 
control of voiding and an absence of perineal or bladder 
sensation. The residual urine is generally increased, and 
the bulbocavernosus reflex is present. When reflex void- 
ing is permitted in a patient with detrusor sphincter 
dyssynergia, severe trabeculations, bladder diverticula 
formation, and even vesicoureteric reflux can result. 


Uninhibited Neurogenic Bladder 


Uninhibited neurogenic bladder is due to lesions in the 
cerebral cortex or cerebropontine axis and to incom- 
plete spinal cord lesions above sacral segments 2-4 (Fig. 
41.6). In these cases the micturition reflex is intact, simi- 
lar to reflex neurogenic bladder. However, because the 
lesion is above the pontine micturition reflex, voiding, 
even when completely involuntary, is physiologically co- 
ordinated (detrusor-sphincter synergy). In fact, among 


FIGURE 41.7. Video-urodynamics depicting detrusor-sphincter 
dyssynergia. Note the dilated prostatic urethra and open blad- 
der neck due to contraction of the external sphincter (arrow) 
during the voiding phase associated with high intravesical pres- 
sures and increased perineal electromyographic (EMG) activ- 
ity. Normally, intraurethral pressures should decrease, and per- 
ineal EMG activity should be quiescent during the act of 
voiding. 
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patients with cerebral pathology, detrusor sphincter 
dyssynergy has been found to be rare.44,70 However, be- 
cause of the loss of the inhibitory influence of the higher 
brain centers on the pontine micturition reflex, there is 
a lower threshold for a detrusor contraction initiated by 
bladder wall distention, causing the uninhibited bladder 
contractions. 

Conditions that may lead to this type of neurogenic 
bladder include cerebrovascular accidents, brain tu- 
mors, multiple sclerosis, and incomplete spinal cord in- 
jury. Because the pontine micturition center and all 
neural pathways distal to it are intact, the micturition re- 
flex allows coordinated voiding even though it is invol- 
untary. They can, however, initiate voiding voluntarily in 
contrast to patients with reflex neurogenic bladder. 

These involuntary contractions, if sensed, can be 
counteracted by contraction of the external urethral 
sphincter, leading to voluntary dyssynergia. If it is not 
sensed in time, incontinence results. Others are able to 
contract the external sphincter only after the detrusor 
contraction has initiated voiding and urgency incont- 
nence results. In some children with persistence of unin- 
hibited neurogenic bladder, Koff et al. reported volun- 
tary dyssynergia to prevent incontinence as a cause of 
vesicoureteric reflux and recurrent urinary tract infec- 
tions. 71-73 

Cystometric studies usually show good bladder empty- 
ing so long as there is no bladder outlet obstruction. The 
presence of uninhibited detrusor contractions are con- 
firmed, and bladder sensation and the bulbocavernosus 
reflex are intact. 


Autonomous Neurogenic Bladder 
(Neurogenic Detrusor Areflexia) 


Detrusor areflexia is typically seen with spinal cord le- 
sions affecting the sacral reflex arc (Fig. 41.6). The re- 
gion of the spinal cord involved is at the level of the 
conus medullaris or the cauda equina. The urethral 
sphincter mechanism may or may not be effective, de- 
pending on the integrity of its innervation. Patients are 
unable to perceive exteroceptive and proprioceptive sen- 
sations, resulting in the bladder filling up until the vis- 
coelastic properties of the detrusor musculature are 
overcome. Overflow incontinence or stress incontinence 
then occurs when the intravesical pressure exceeds the 
pressure exerted by the external urethral sphincter 
mechanism. The bladders of these patients are usually 
smooth because of chronic overdistention. 

Cystometric studies show the patient to be unable to 
void voluntarily owing to low or absent detrusor contrac- 
tions. Residual urine varies depending on the degree of 
urethral dysfunction. Bladder and perineal sensations in- 
cluding the bulbocavernosus reflex are absent. 


4.1. Neurogenic Bladder 


Motor Paralytic Bladder 


Motor paralytic bladder is usually seen in patients in 
whom the motor neurons of the bladder lying in the 
sacral spinal cord or the efferent motor fibers to the 
bladder are affected (Fig. 41.6). Examples are patients 
with pelvic trauma, radical pelvic surgery (e.g., radical 
hysterectomy, or abdominoperineal resection), polio- 
myelitis, or Landry-Guillain-Barré syndrome. Herniated 
intervertebral discs in the lower spine, lumbar spinal 
stenosis, and lower spinal cord tumors can also produce 
a motor paralytic bladder. 

Cystometric studies show absent or weak detrusor ac- 
tivity and a strongly positive bethanechol supersensitivity 
test. Patients have complete urinary retention and are 
unable to completely empty the bladder in a single void. 
Those with urinary retention experience pain when the 
bladder becomes distended, as the exteroceptive and 
proprioceptive sensations are intact. 


Sensory Paralytic Bladder 


Sensory paralytic bladder may be observed in patients 
with tabes dorsalis, diabetes mellitus, and occasionally sy- 
ringomyelia (Fig. 41.6). It is usually found in lesions af- 
fecting the afferent tracts innervating the bladder as well 
as the sensory fibers in the posterior columns or the lat- 
eral spinothalamic tracts of the spinal cord. Because of 
the lack of sensation of fullness, patients are infrequent 
voiders and may first be diagnosed when urinary reten- 
tion occurs or when urinary tract infection develops. 

Cystometry demonstrates a large bladder capacity and 
an atonic detrusor. The postvoid residual urine volume 
is abnormally elevated. Detrusor contractions may or 
may not be present depending on the severity of chronic 
bladder distention. Sensory perceptions are absent. The 
bethanechol supersensitivity test is positive, and the bul- 
bocavernosus reflex is absent. 


Neurogenic External Sphincter 


External sphincter denervation is usually secondary to 
injury or disease of the pudendal motor neurons. A par- 
tially denervated external sphincter may manifest as 
mild stress incontinence, but progressive amounts of 
denervation produce more significant degrees of incon- 
tinence.74 Sphincter denervation is usually associated 
with a motor paralytic or autonomous neurogenic blad- 
der, but it can occur independently. 

The state of sphincter function can be determined us- 
ing needle or surface electrodes in conjunction with cys- 
tometry. The first step is to determine the presence or 
absence of voluntary control by asking the patient to 
contract the sphincter: An interference pattern should 
be observed. The next step is to determine the relation 
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of the sphincter activity to detrusor function. The 
sphincter is considered coordinated with the detrusor if 
it relaxes with detrusor contraction and uncoordinated 
if it contracts simultaneously with the detrusor. Most pa- 
tients with uninhibited neurogenic bladder have volun- 
tary control and coordination of the sphincter75 due to 
an intact spinal cord—midbrain reflex arc. On the other 
hand, approximately two-thirds of all paraplegics with re- 
flex bladders have uncoordinated sphincter activity at 
the time of their uninhibited bladder contractions.76 
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Part II: Radiology of the Neurogenic Bladder 


Radiology plays an important role in the evaluation of 
patients with neurogenic bladders. Advances in the diag- 
nosis and management of neuromuscular dysfunction of 
the bladder and urethra have improved the prognosis in 
many of these patients. One of the goals of their medical 
care is protection of the urinary tract from deterioration 
due to infections, stone formation, and renal failure, 
which used to be common in patients with increased 
bladder pressures and vesicoureteric reflux due to un- 
treated detrusor-external sphincter dyssynergia. Radiolo- 
gists can also play a major role in the detection of previ- 
ously unsuspected abnormalities at an early stage of 
neurogenic bladder dysfunction.! Radiologic evaluation 
should start with careful scrutiny of the plain x-ray film. 
Aside from metallic fragments from gunshot wounds, 
spinal or pelvic fractures, and radiopaque stones, other 
more subtle abnormalities such as hypoplasia or agene- 
sis of the sacrum (Fig. 4II.1) or spinal dysraphism may 
provide important diagnostic clues to the cause of neu- 
rogenic bladder dysfunction. 

A sophisticated evaluation of voiding dysfunction can be 
achieved by combining the voiding cystourethrogram 
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(VCUG) with simultaneous urodynamic studies (uro- 
flowmetry, which measures flow rates, peak flow, and flow 
patterns), pressure measurements (intravesical pressure 
minus intraabdominal pressure gives the true detrusor 


FIGURE 4II.1. Scout view for the VCUG shown in Figure 4II.2. 
Note the small hypoplastic sacrum. 
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FIGURE 411.2. Combined video-EMG-urodynamics study in a 
25-year-old man with a history of difficult voiding. (A) Tracings 
obtained during the filling phase. F = uroflow tracing; EMG = 
tracing of electromyogram of external sphincter -activity ob- 
tained with perineal electrode needles; DP = true detrusor 
pressure determined by electronic subtraction of intraabdomi- 
nal pressure (IA) (obtained from a rectal catheter) from intra- 
vesical pressure (IV, obtained from an intravesical transducer 
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catheter). Note the two uninhibited bladder contractions (ar- 
rows in DP tracing) manifested by increases in detrusor pres- 
sure of 50 and 30 cm H3O, respectively, with a simultaneous in- 
crease in the EMG activity, indicating closure of the external 
sphincter. There is virtually no leakage of urine noted in the 
uroflow tracing. (B) Initiation of voiding (arrow in IA tracing) 
by increasing intraabdominal pressure (straining) with mini- 
mal relaxation of external sphincter activity on the EMG, 
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pressure), and electromyographic (EMG) monitoring of 
external sphincter activity (Fig. 411.2A). These combined 
parameters are recorded with a system equipped with 
video and audio playback capability for later analysis of the 
portions of the filling and voiding phases imaged by fluo- 
roscopy. This pressure-flow method yields information 
about the following factors involved in micturition: detru- 
sor function (pressure events recorded in the bladder), 
contribution of abdominal straining during voiding 
(recorded in the abdominal pressure tracing), and the uri- 
nary flow rate (Fig. 4I1.2B). When sphincter EMG moni- 
toring is added, the coordination between detrusor func- 
tion, abdominal straining, and sphincter EMG activity can 
be studied. Detailed information about the initiation and 
termination of voiding can be obtained in correlation with 
the radiographic-fluoroscopic VCUG (Fig. 4II.2C,D). 

Only a small part of the population with voiding dys- 
function truly requires such a complex, time-consuming, 
expensive video-pressure-flow urodynamic study.3 Some 
indications are selected cases of urinary incontinence, 
infravesical obstruction, and neurogenic bladder dys- 
function; some patients who have failed previous thera- 
peutic regimens, including surgery, may also benefit 
from this study. However, in everyday practice, the radi- 
ologist who has a good understanding of voiding disor- 
ders and is armed with a detailed patient’s history can 
derive significant information from the performance of 
standard urography and VCUG. A slight modification of 
the usual VCUG study consists in standardizing the 
height of the infusion bottle 30 cm above the bladder‘ 
(although 30 cm of contrast medium is not exactly com- 
parable to 30 cm of water, the difference is negligible). 
Because the normal intravesical pressure in the supine 
patient is about 15 cm HO, it detects uninhibited blad- 
der contractions (defined as pressure elevation exceed- 
ing 15 cm H,O during the filling phase), which mani- 
fests as slowing or cessation of contrast material flow into 
the bladder or by reversal of fluid into the bottle. 

Fluoroscopic observation at this time provides radio- 
graphic evidence of an uninhibited bladder contraction 
by showing an opening of the bladder neck of variable 
duration and degree. Contrast material is seen to flow 
into the posterior urethra, where it is stopped by the 
closed external sphincter. The patient usually expresses 
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an urge to void at this time and may indeed relax the ex- 
ternal sphincter and become incontinent. If the cessa- 
tion or backup of the drip is caused by an increase in in- 
traabdominal pressure (Valsalva maneuver, coughing, or 
crying by children), it is not accompanied by opening of 
the bladder neck. The point of bladder filling at which 
the first urge to void occurs should be noted (normally 
100-150 ml). 

The normal bladder fills to capacity (300-1000 ml) 
without significant slowing or interruption of the retro- 
grade infusion of contrast, indicating that the intravesi- 
cal pressure remains low. A strong urge to void at small 
volume, usually associated with a stop in the retrograde 
infusion of contrast into the bladder, indicates an eleva- 
tion in intravesical pressure that may be due to an invol- 
untary detrusor contraction, a small capacity bladder 
with low compliance, or increased intraabdominal pres- 
sure. On the other hand, an abnormally large bladder 
capacity at low filling pressures suggests an acontractile 
bladder. In some of these patients overflow incontinence 
is demonstrated as maximum capacity is reached, the 
pressure rises, and the resistance of the sphincter is over- 
come.! In patients with flaccid bladders, manual pres- 
sure (Crede’s method) may be applied to obtain voiding. 
Many paraplegic patients with spastic bladders use trig- 
ger mechanisms such as tapping the suprapubic area 
(“bladder tapping”), stroking the thigh, or inserting a 
finger into the rectum. 

After bladder capacity is reached during VCUG, the 
patient is turned to a 45-degree oblique position and is 
instructed to use the trigger mechanism at the time of 
catheter removal. On a radiograph obtained at that time 
there is frequent visualization of the entire male urethra. 
A postvoiding film, including the renal areas, should al- 
ways be obtained to check for vesicoureteric reflux as 
well as to estimate the degree of bladder emptying. 

The uninhibited or unstable bladder (detrusor instabil- 
ity) is one of the most frequent causes of vesicourethral 
dysfunction in children and has been implicated in the 
pathogenesis of enuresis, recurrent urinary tract infec- 
tion, and vesicoureteric reflux.5-7 During uninhibited de- 
trusor contractions, coupled with simultaneous voluntary 
contractions of the external sphincter, manometric stud- 
ies have shown a rise in vesical pressure, reaching values 


FIGURE 4I1.2. continued 

followed rapidly by active bladder contraction with a synchro- 
nous increase in EMG activity indicating closure of the exter- 
nal sphincter. There is also a minimal intermittent voiding 
pattern in the uroflow tracing. (C) VCUG spot film during 
voiding shows a wide-open bladder neck and dilated prostatic 
urethra with marked narrowing of the membranous urethra 
which is consistent with spastic contraction of the external 
sphincter. There is minimal antegrade flow into the distal ure- 


thra and marked reflux of contrast into the prostatic ducts, 
which is indirect evidence of obstruction. The findings are 
consistent with an unstable bladder (uninhibited bladder con- 
tractions during the filling phase) and detrusor-external 
sphincter dyssynergia causing functional obstruction in this pa- 
tient with neurogenic bladder dysfunction. (D) Postvoiding 
film shows moderate residual volume with bladder wall trabec- 
ulation and diverticular formation. Note the “Christmas tree” 
shape of the bladder. (From Amendola,? with permission.) 
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of 200 cm HəO or higher.6.7 This bladder-sphincter dys- 
function is believed to result from a delay in neuromuscu- 
lar maturation or a persistent pattern of infantile micturi- 
tion. The uninhibited neurogenic bladder may also result 
from an acquired lesion of the central nervous system 
(cerebral vascular accident, brain tumor, Parkinson’s dis- 
ease, normal-pressure hydrocephalus) causing reappear- 
ance of the incompletely controlled bladder8 with loss of 
the voluntary control of the micturition reflex. Uninhib- 
ited contractions are not sensed and thus are not coun- 
teracted. Because the micturition centers remain intact, 
coordinated, physiologically normal voiding occurs in a 
reflex fashion without patient awareness. If micturition is 
well coordinated, the radiographic evaluation of the uri- 
nary tract may be normal.9 

One of the most dramatic appearances in uroradiol- 
ogy is the occurrence of a fully developed detrusor- 
external sphincter dyssynergia in patients with supra- 
sacral spinal cord lesions that have not been treated ade- 
quately. Common etiologies include spinal cord trauma 
and tumors producing quadriplegia and paraplegia. 
Myelodysplasia, herniated intervertebral discs, and ad- 
vanced multiple sclerosis may also eventually lead to this 
type of detrusor hyperreflexia (see Part I of this chap- 
ter). With this disorder there is a lack of coordination 
between contraction of the bladder detrusor and relax- 
ation of the external sphincter. The spastic contraction 
of the external sphincter causes increased pressure in 
the proximal urethra and within the bladder. Marked di- 
latation of the prostatic urethra is evident during the 
voiding phase, with marked narrowing at the level of the 
membranous urethra due to contraction of the external 
sphincter causing a “functional” obstruction (Fig. 4II.2C). 
The intravesical pressures are typically markedly ele- 
vated. This functional bladder outlet obstruction causes 
bladder wall thickening, trabeculation, diverticular for- 
mation, and vesicoureteric reflux. Intravenous urogra- 
phy (IVU) may reveal bilateral dilatation of the upper 
tracts, either as a result of vesicoureteric reflux or func- 
tional ureteral obstruction due to hypertrophy of the 
bladder wall and increased intravesical pressure (Fig. 
411.3).9 Stone formation and urinary tract infections are 
commonly associated (Fig. 411.3A). During normal void- 
ing the bladder pressure does not usually exceed 60 cm 
HO. It has been suggested that vesicoureteric reflux de- 
velops when there are sustained bladder pressures of 
more than 70 cm H,O.10 The typical bladder in these pa- 
tients is the so-called pine tree or Christmas tree bladder 
(Fig. 411.2D). This appearance resolves with appropriate 
treatment. The Christmas tree appearance of the blad- 
der is not pathognomonic of a neurogenic bladder. A 
Christmas-tree bladder can be seen in patients with le- 
sions of the sacral reflex arc that have poor bladder wall 
compliance!! and in some patients with bladder outlet 
obstruction due to other causes. After successful medical 
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or surgical therapy, a narrow bladder or posterior ure- 
thra may regain normal caliber. With the full-blown dis- 
ease there is reflux of contrast into dilated prostatic 
ducts (Fig. 4II.2C). Not uncommonly stasis of urine in 
these dilated prostatic ducts is associated with the devel- 
opment of multiple small prostatic calculi. Occasional 
reflux of infected urine into the seminal vesicles and vas 
deferens has the potential for development of epididy- 
moorchitis in these patients (Fig. 411.4). The urethra dis- 
tal to the external sphincter is incompletely distended 
owing to the minimal amount of urine flow able to by- 
pass the region of the spastic sphincter. 

A not uncommon complication, most likely related to 
the trauma of instrumentation and catheter drainage in 
paraplegic patients, is the development of acquired ure- 
thral diverticula (Fig. 411.3D) and urethral strictures 
(Fig. 411.4) .12-14 (See Chapter 21 for further discussion 
of these and other urethral abnormalities seen in pa- 
tients with neurogenic bladders.) 

A large percentage of paraplegic patients can be suc- 
cessfully managed with measured fluid intake, stimula- 
tion of voiding at set intervals, and clean intermittent 
catheterization (CIC) if necessary. An intermittent 
catheterization program is successful when the patient 
becomes catheter-free and has low residual urine values 
and negative urine cultures. In addition to preventing 
or minimizing urinary infection, clean intermittent 
catheterization (CIC) has decreased the incidence of 
periurethral abscesses and penoscrotal and urethroper- 
ineal fistulas in spinal cord injury patients.13 Despite the 
increasing success of bladder training and CIC, some 
paraplegics have an unacceptably high residual urine 
volume, requiring radiologic investigation to search for 
bladder outlet obstruction and its etiology. Causes in- 
clude detrusor-sphincter dyssynergia, urethral strictures, 
and in males prostatic hypertrophy or prostatitis (see 
Table 10.1). Persistent severe sphincter dyssynergia may 
require sphincterotomy. 

Patients with detrusor arreflexia secondary to lesions 
affecting the sacral reflex arc involved at the conus 
medullaris or cauda equina usually have a large smooth- 
walled bladder because of chronic overdistention. These 
patients are unable to perceive sensations, and the blad- 
der fills until its viscoelastic properties are overcome. 
When the intravesical pressure exceeds that of the ex- 
ternal sphincter, overflow incontinence or stress incon- 
tinence occurs. In patients with a sensory paralytic 
bladder (e.g., those with diabetes, tabes dorsalis, or occa- 
sionally syringomyelia) there is a lack of sensation of full- 
ness, and they are “infrequent voiders.” They may be 
first diagnosed because of urinary infections or the de- 
velopment of urinary retention. A large bladder extend- 
ing into the abdomen is typically seen with large 
postvoid residuals (Fig. 411.5). Detrusor contractions 
may not be present, and the patient may void by abdomi- 


4.11. Radiology of the Neurogenic Bladder 
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FIGURE 4II.3. (A) Scout film for intravenous urography (IVU) 
in a 24-year-old paraplegic man 5 years after a gunshot wound 
to the lower thoracic spine. Note the multiple small metallic 
fragments from shrapnel in the left upper quadrant, a large 
amount of residual Pantopaque in the spinal canal from prev- 
ious myelography, and a large bladder calculus. (B) A 15- 


D 


minute IVU film. Note the bilateral ureterohydronephrosis 
with delayed bladder filling. (C) Retrograde cystogram. Note 
the markedly trabeculated bladder with cellular and diverticu- 
lar formation with severe reflux to the left kidney. (D) Retro- 
grade cystogram. Note that the Foley catheter balloon has 
been inflated within a large urethral diverticulum. 
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FIGURE 411.4. Film from a VCUG of a 65-year-old paraplegic 
man with recurrent bouts of epididymitis. Note the reflux of 
contrast into the vas deferens and epididymis bilaterally. Note 
also the multiple urethral strictures. 


FIGURE 4II.5. Large smooth-walled distended bladder in a pa- 
tient with a sensory paralytic bladder due to diabetes. 
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nal straining or the Credé maneuver. Because the intrav- 
esical pressures are usually low, there is no vesicoureteric 
reflex, and the upper tracts may be normal. 

In patients with a motor paralytic bladder due to pelvic 
trauma, after radical hysterectomy or abdominoperineal 
resection, or with herniated discs in the lower spine, the 
absent or weak detrusor activity may result in complete 
urinary retention. Pain may result from the bladder dis- 
tention, as exteroceptive and propioceptive sensations 
are intact (see Part I of this chapter). 

Patients with neurogenic bladder dysfunction constitute 
a high risk group for urinary stone disease (Fig. 4I1.3A). It 
has been estimated that 10-15% of them develop urinary 
tract calculi, with the bladder being the most common site 
of stone formation.!3 Urinary stasis, infection with Proteus 
(a urea-splitting organism), and immobilization hypercal- 
ciuria are known predisposing factors.!4.15 Foreign body 
calculi of characteristic patterns have been described in 
the bladder of spinal cord injury patients. One type of cal- 
culus forms as an ‘eggshell’ crust around the balloon of 
indwelling Foley catheters (Fig. 411.6). Pieces of this 
eggshell calcification may also fall off and act as a nidus 
for stones with a typical semilunar shape. Another pecu- 
liar foreign body calculus is the “serpentine-shaped” 
(“spaghetti-like”) calcification representing calcareous de- 
posits on strands of hair found in patients undergoing 
CIC.16 They represent pubic hairs that are inadvertently 
introduced into the bladder, probably adhering to a lubri- 
cated catheter during CIC (Fig. 4II.7). In addition to this 
characteristic radiographic appearance, bladder calculi in 
patients undergoing CIC may appear as the more usual 
rounded or oval, radiopaque, layered or homogeneous 


FIGURE 411.6. “Eggshell” calcification (arrow) formed around 
the balloon of an indwelling Foley catheter in the bladder. 


4.II. Radiology of the Neurogenic Bladder 


FIGURE 4II.7. (A and B) Multiple serpentine calcifications 
within the bladder representing encrustations of hairs intro- 
duced during CIC acting as intravesical foreign bodies. 
(C) More subtle but similar findings (arrow) in another 25- 
year-old man who suffered a C5 quadriplegia from a diving ac- 
cident that resulted in a reflex neurogenic bladder. The pa- 
tient had been enrolled in a clean intermittent catheterization 
program for a year. On removal it proved to be a calcified pub- 
ic hair. (From Amendola et al.,16 with permission.) 


calcific densities. The presence of hair as a nidus for in- 
crustation may become obvious only after removal and 
analysis of the stones. 15,16 


Autonomic Dysreflexia 


Any radiologist performing cystourethrography (or 
loopography, barium enema, and angiography) in pa- 
tients with high spinal cord lesions should be familiar 
with the potentially life-threatening complication of au- 


tonomic dysreflexia. This syndrome consists of an un- » 


controlled sympathetic a-adrenergic response to various 
stimuli, such as bladder distention in patients with a high 
spinal cord lesion (usually above T6).!7 Overstimulation 
of a-adrenergic fibers results in peripheral vasoconstric- 
tion and sweating. In patients with lesions above T6 
(above the greater splanchnic nerves) there is no nor- 
mal reflex dilatation of the splanchnic veins to compen- 
sate for peripheral vasoconstriction and blood pressure 
rises. The baroreceptors in the carotid sinus are stimu- 
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lated, causing bradycardia via the vagus nerve with stim- 
ulation of the sinoatrial node. The decreased cardiac 
output is insufficient to lower the blood pressure, which 
rises considerably. A second pathway mediated through 
the vasomotor center transmits a descending signal to 
cause vasodilatation. However, this descending pathway 
is unable to cross the level of the lesion and therefore af- 
fects only the circulation above this level. Such uncon- 
trollable hypertension, if unrecognized, may lead to con- 
vulsions, cerebral and retinal hemorrhage, renal failure, 
and even death.!8 The symptomatology consists of sud- 
den onset of severe headache, flushing and sweating of 
the face and neck, and nasal stuffiness sometimes associ- 
ated with difficulty breathing. All symptoms may not be 
present, and some may be more pronounced than oth- 
ers. Physical findings include an increase in systolic and 
diastolic blood pressures (as much as 100-200 mmHg 
and 50-100 mmHg, respectively), bradycardia, and red- 
ness and sweating of the face and neck along with pale- 
ness of the skin of the abdomen and lower extremities. 
Generally, the higher the spinal cord lesion above T6, 
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the more apt is the patient to experience autonomic dys- 
reflexia and the more severe are its manifestations.1§ 
There is an association between detrusor-external 
sphincter dyssynergia, common in upper motor neuron 
lesions, and autonomic dysreflexia. Constant blood pres- 
sure monitoring during VCUG/IVU is mandatory. 

If autonomic dysreflexia occurs during cystourethrog- 
raphy, the procedure should be stopped immediately 
and the bladder completely emptied. If this maneuver 
has no effect on the hypertension, the patient should be 
propped up in a sitting position. Instillation of 5-10 ml 
of 1% lidocaine hydrochloride (Xylocaine) into the vis- 
cus has been used to break the afferent limb of the dys- 
reflexia. Should the blood pressure remain high, more 
drastic measures are necessary. Various fast-acting antihy- 
pertensive medications have been advocated, including 
diazoxide (Hyperstat, 5 mg/kg IV) and hydralazine hy- 
drochloride (Apresoline, 15 mg IV). There is lack of 
controlled, prospective randomized studies comparing 
the efficacy of various medications used for treatment 
and prevention of autonomic dysreflexia. Agents fre- 
quently used include nifedipine, phenoxybenzamine, 
prazosin, mecamilamine, and nitrates.!9 One of the most 
popular agents currently used is nifedipine (Procardia), 
a calcium channel blocker that is a potent coronary and 
peripheral arterial vasodilator. Given orally or sublin- 
gually, it has a rapid absorption rate with effective reduc- 
tion of hypertension. For the most rapid results, a 10 mg 
capsule may be punctured with the contents squeezed 
under the tongue. It has been shown to be effective for 
preventing autonomic dysreflexia when given orally 30 
minutes before cystoscopy.20 In patients with frequent 
episodes of the disorder the prophylactic use of phe- 
noxybenzamine starting with 10 mg three times daily 
and increasing to 20 mg three times daily as needed has 
been advocated. For procedural prophylaxis or an acute 
episode, sublingual nifedipine is recommended.?! For 
more information see Chapter 32. 

Patients with high spinal cord lesions should be ques- 
tioned regarding prior episodes of autonomic dysre- 
flexia and should be continuously observed and moni- 
tored during such procedures as urography and 
cystourethrography. Any indication of blood pressure el- 
evation is an indication for terminating the procedure 
with immediate drainage of bladder contents. In our ex- 
perience, removal of this noxious stimulus frequently 
causes quick resolution of the symptoms without having 
to resort to the use of medications. 
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Voiding Disorders 
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Abnormalities of the voiding cycle are responsible for a 
large number of patient visits to the urologist. The symp- 
toms and problems may be simple and annoying at one 
extreme and life-threatening at the other, resulting in 
permanent organ damage. These dysfunctions may be 
due to various reasons ranging from neurologic diseases 
to structural changes in the lower urinary tract brought 
about by aging, previous surgery, trauma, or systemic ill- 
ness. The neurogenic causes of voiding dysfunction are 
discussed in Chapter 4. This chapter deals primarily with 
the nonneurogenic aspects of voiding dysfunction. 


Female Voiding Dysfunction 


Urinary Incontinence 


Urinary incontinence has been defined by the Interna- 
tional Continence Society as involuntary urine loss that 
is a social or a hygienic problem and is objectively 
demonstrable.! Others have simply defined it as any in- 
voluntary loss of urine.2.3 It is a common problem in 
women, affecting 38% of geriatric admissions in long- 
term care institutions.4 The problem is seen even in the 
young, occurring episodically in as many as 45% of 
women over age 18 years.5 Among the elderly it plagues 
38% of noninstitutionalized women over the age of 60 
years2 and 59% of women aged 75 years and older admit- 
ted to acute care hospitals.6 

Most people with urinary incontinence do not seek 
professional help.’ In fact, in a survey of noninstitution- 
alized older adults in Washtenaw County, Michigan, only 
about one-half of all incontinent respondents had ever 
talked with a doctor about their problem, and they had 
resorted to various methods such as use of absorbent 
products to keep dry.” It is reported that the direct costs 
of caring for persons of all ages with incontinence is $7 
billion annually in the community and $3.3 billion in 
nursing homes (1989 dollars).8 


In an attempt to address the problem of urinary in- 
continence, the Agency for Health Care Policy and Re- 
search (AHCPR) convened a panel of specialists com- 
posed of physicians, nurses, gerontologists, and other 
allied health professionals. The AHCPR-sponsored 
guidelines published in 1992 sought to provide the pub- 
lic with a comprehensive program detailing assessment, 
treatment and supportive strategies and including treat- 
ment options and side effects. 

The guidelines identified several factors that may 
come into play and result in urinary incontinence. Many 
of these factors are transient, are readily identifiable, 
and can be corrected by addressing the cause.9 Ouslan- 
der coined the mnemonic “DRIP” as an easy means to 
remember potentially reversible cause of incontinence 
in the elderly: delirium; restricted mobility and reten- 
tion; mflammation, impaired function, and impaction; 
pharmaceuticals and polyuria. 

Other causes may be more complex, involving factors 
outside the lower urinary tract and resulting from 
chronic impairment of physical and cognitive function. 
This disorder has been termed functional inconti- 
nencel0 and is associated with mobility restrictions, cog- 
nitive impairment, or environmental factors without ob- 
vious pathology or dysfunction of the lower urinary 
tract. Although numerous studies have established the 
relation between incontinence and immobilization or 
functional impairment,!1-13 the underlying mechanisms 
are yet to be defined. It is possible that the basic neuro- 
logic mechanisms critical to continence are impaired by 
such conditions as parkinsonism or strokes, or that the 
difficulties of movement associated with toileting may 
make it difficult to react promptly to the urge to void. 

Other distinct presentations of urinary incontinence are 
stress, urge, mixed incontinence (urge and stress), and 
overflow incontinence. The International Continence So- 
ciety Standardization Committee provided definitions for 
the various types of incontinence!4-16 (Table 5.1), which 
are discussed in detail in the following sections. 
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TABLE 5.1. Standardization of terminology of lower urinary tract function. 


Terminology 
Incontinence 


Stress incontinence 
absence of detrusor activity 


Urge incontinence 
Motor urge incontinence 


Sensory urge incontinence 


Reflex incontinence 


Definition 


Involuntary loss of urine that is objectively demonstrable and is a social or hygienic problem 

Involuntary loss of urine when the intravesical pressure exceeds the maximum urethral pressure but in the 
Involuntary loss of urine associated with a strong desire to void 

Associated with uninhibited detrusor contractions 


Not caused by uninhibited detrusor contractions 


Involuntary loss of urine caused by abnormal reflex activity in the spinal cord in the absence of the 


sensation associated with the desire to urinate 


Adapted from the International Continence Society Committee. 


Stress Urinary Incontinence 


Stress urinary incontinence has been defined as urine 
loss during physical activities that increase abdominal 
pressure. This symptom can be confirmed by leakage of 
urine during provocative stress testing in the absence of 
a detrusor contraction or an overdistended bladder!6é 
(Fig. 5.1). It may be brought about by two distinct mech- 
anisms: hypermobility of the bladder neck or intrinsic 
sphincter deficiency (ISD). 

With hypermobility of the bladder neck, also known as 
type II stress incontinence, the basic anatomy and func- 
tion of the bladder neck and urethra are intact; during 


FIGURE 5.1. Hypermobility of the bladder neck. This oblique 
stress cystogram shows contrast material in the proximal ure- 
thra during straining (arrow). c = catheter. 


straining the bladder neck and proximal urethra de- 
scend below their normal pelvic positions because of the 
weakness of the musculofascial attachments of the blad- 
der and urethra to the pelvic wall. When this normal 
anatomic position is altered, the urethra, unlike the 
bladder, is no longer able to respond to the increase in 
abdominal pressure. As a result, the intravesical pressure 
can exceed the intraurethral pressure, resulting in in- 
continence (Fig. 5.2). In the case of intrinsic sphincter 
deficiency known as type III stress incontinence, the ure- 
thral wall is defective or dysfunctional and is no longer 
able to function as a sphincter. It is unable to generate 
adequate urethral pressure to coapt the urethral lumen, 
and the bladder neck remains open even at rest. The 
bladder neck and urethra are well supported in its pelvic 
position, but the low intraurethral pressure is inade- 
quate to counteract increases in intravesical pressure 
brought about by daily activities (Fig. 5.3). In other 
cases, the urethra may become fibrotic, rigid, and de- 
formed, usually due to prior surgical procedures (Fig. 
5.4). Other causes of ISD include lesions involving inner- 
vation to the sphincter,18-21 as in patients with myelo- 
dysplasia and other spinal cord lesions at the conus 
medullaris. 


Radiographic Evaluation 


Radiographic studies are not necessary for all patients 
with urinary incontinence. For patients with stress uri- 
nary incontinence or mixed incontinence with a pre- 
dominantly stress component, a true standing lateral 
stress cystogram has been found to be the most useful 
test. Initially involving the use of contrast material and a 
bead chain to outline the course of the urethra and pos- 
terior bladder neck, it has been modified by others us- 
ing a small radiopaque catheter instead (Fig. 5.1). 

A 10 French (10F) feeding tube or a 10F Foley 
catheter with the balloon deflated is acceptable. If the 
catheter balloon is inflated, the balloon superimposes it- 
self over the bladder neck and obscures funneling or 
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FIGURE 5.2. Effects of transmission of intraabdominal pressure 
to the bladder and proximal urethra. Pressure is transmitted 
equally to the bladder and proximal urethra normally but to 
the bladder only in the patient with hypermobility because of 
the descent of the bladder neck and proximal urethra below 


flow of contrast into the proximal urethra. As a result, an 
erroneous reading may be obtained. The bladder is 
filled with contrast to a capacity that is comfortable for 
the patient. The contrast in the lumen of the catheter or 
tube is sufficient to opacify the urethral lumen. 

A film is obtained in the standing lateral nonstraining 
position and again while the patient is straining. Radio- 
graphic evaluation of the standing true lateral stress cys- 


FIGURE 5.3. Intrinsic sphincter deficiency in a well suspended 
bladder neck. This resting lateral stress cystogram shows a fun- 
neled bladder neck and proximal urethra (arrow). 


HYPERMOBILITY 


101 


INTRINSIC 
SPHINCTER 
DEFICIENCY 


the pelvic cavity. With intrinsic sphincter deficiency, although 
pressure is applied equally to the bladder and proximal ure- 
thra, the lack of coaptation of the mucosa of the urethral 
sphincter causes funneling of the urethra despite the fact that 
the bladder neck and proximal urethra are well supported. 


togram in both the “resting” and “straining” views should 
include (1) the location of the bladder neck in relation 
to the level of the urogenital diaphragm; (2) determina- 
tion of whether the bladder neck is closed or opened 
(“funneled”); (3) measurement of the urethral axis; and 
(4) measurement of the posterior urethrovesical (PUV) 
angle. 

The location of the urogenital diaphragm is identified 
by drawing a line from the sacrococcygeal joint to the in- 
ferior aspect of the pubic bone (Fig. 5.5). Noll and 
Hutch22 described this line, which serves as an important 
landmark from which to make certain measurements. 
They demonstrated that the flat baseplate (which plays a 
role during the act of micturition) lies on the vaginal 
wall above and parallel to this imaginary line. Descent 
from this position is associated with stress urinary incon- 
tinence.23 Based on the lateral cystograms of urologically 
normal adult women, average measurements were 
thought to approximate the normal adult female. The 
bladder neck averaged 2 cm above the SCIPP line and 3 
cm above and behind the inferiormost portion of the 
pubic symphysis. In patients with hypermobility of the 
bladder neck, the bladder neck is spotted well below this 
line in the straining view (Fig. 5.6). Many times the blad- 
der neck is at or below this line in the “resting” view. In 
contrast, in patients with ISD the bladder neck is well 
above this line in both resting and straining views unless 
the open bladder neck at rest (Figs. 5.3, 5.4) and on 
straining is associated with hypermobility of the bladder 
neck. 

Other important information assessed on the lateral 
stress cystogram is the status of the bladder neck at rest 
and during straining. Normally, the bladder neck is al- 
ways closed, with no evidence of funneling or beaking of 
contrast in the proximal urethra. With hypermobility of 
the bladder neck, the outlet is closed at rest but opens 
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FIGURE 5.4. Intrinsic sphincter deficiency after a suprapubic 
bladder neck suspension. (A) Resting lateral stress cystogram 
shows a funneled bladder neck and proximal urethra (arrow). 
c = catheter. (B) Straining lateral stress cystogram shows forma- 


during straining (Fig. 5.6). With ISD, the bladder neck is 
open at rest and in the straining view (Fig. 5.4). 

More information can obtained from the lateral stress 
cystogram. The angle of the urethra or urethral axis is 
measured by dropping a vertical line downward from the 
dome of the bladder to the urethra and recording the 
angle created by this line and the urethra (Figs. 5.5, 5.6). 
The normal values for this angle have ranged from 15 to 
30 degrees on straining films. In patients with hypermo- 
bility of the bladder neck, the urethral axis may be nor- 
mal or wider at rest but widens further during straining, 
generally in excess of 40 degrees. This picture is in con- 
trast to that seen with ISD, where the axis is close to zero 
degree or even in the “negative” range, which means the 
urethral line is in front of the vertical axis. In this view 
one must also watch for possible fixation of the distal 
half of the urethra, leaving the proximal half free and 
mobile. Such a condition can lead to kinking of the ure- 
thra and in turn to bladder emptying dysfunction. 

Aside from the urethral axis, the PUV angle is mea- 
sured by drawing an imaginary line parallel to the floor 
of the bladder and recording the angle created by this 
line and the urethra (Figs. 5.5, 5.6). In the Medical Epi- 
demiologic and Social Aspects of Aging (MESA) survey 
undertaken in Washtenaw County, Michigan, it was 
found that the PUV angle on a lateral stress cystogram 
was significantly wider in incontinent patients,24 a find- 
ing that supports the observations of Jeffcoate and 
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tion of a cystocele and more contrast material being forced 
into the already open bladder neck and proximal urethra. The 
bladder neck continues to be well suspended. 


FIGURE 5.5. Stress cystogram. A = line drawn along the urethral 
canal; B = perpendicular line drawn from the dome of the 
bladder to the urethral meatus; C = line drawn at the floor of 
the bladder. The angle created by A and B is called the urethral 
axis; the angle between A and C is called the posterior ure- 
throvesical angle. The bladder neck is well supported. The 
bladder is above the SCIPP line. 


5. Voiding Disorders 


A 


FIGURE 5.6. Hypermobility of the bladder neck. (A) Resting lat- 
eral stress cystogram showing the bladder neck area (arrow) 
below the SCIPP line (S) and wide urethral axis (a). (B) Strain- 


Roberts.25 Normal values for this angle do not exceed 
100 degrees. Measurement of the PUV angle is valuable 
for assessing the type of repair to be used and evaluation 
of postbladder suspension voiding dysfunction. In pa- 
tients with hypermobility of the bladder neck, the PUV 
angle is wide, generally measuring more than 120 de- 
grees in the straining view. Although hypermobility may 
exist, as demonstrated by a wide urethral axis, the PUV 
angle may be less than 100 degrees. This situation occurs 
when the bladder floor descent exceeds the proximal 
urethral descent, as seen in cases of moderate to severe 
cystocele. In patients with ISD the PUV angle is in the 
normal range unless there is a coexisting problem of hy- 
permobility of the bladder neck. 

When hypermobility of the bladder neck exists in the 
presence of a moderate to severe cystocele, both the ure- 
thra and the cystocele must be elevated during bladder 
neck suspension (or cystocele repair); if the bladder 
neck is suspended without regard to the cystocele, acute 
angulation of the PUV may occur and may lead to blad- 
der emptying problems. This problem is likewise a dan- 
ger in women who have concomitant uterine prolapse 
and who undergo bladder neck suspension without a si- 
multaneous hysterectomy or uterine suspension. 

In addition to the true lateral stress cystogram for as- 
sessing stress urinary incontinence in women, an oblique 
stress cystogram as an alternative has been attempted, es- 
pecially during video-urodynamic evaluation where si- 
multaneous urodynamic measurements and oblique 
stress cystograms under fluoroscopy are obtained (Fig. 
5.7). Video-urodynamics enables the urologist to observe 


103 


strain 


B 


ing lateral stress cystogram shows further descent of the blad- 
der neck (arrow), widening of the urethral axis, and contrast 
material in the proximal urethra. c = catheter. 


the urethral closing pressures along with real-time exam- 
ination of the bladder neck and urethra at rest and dur- 
ing straining maneuvers with the aid of fluoroscopy. The 
oblique view or even an anteroposterior view, rather 
than a true lateral view, is usually obtained, not only for 
patient convenience but for the ease of visualizing the 
bladder and urethra. However, caution must be exer- 
cised when interpreting the cystogram in the anteropos- 
terior and oblique views in women with a cystocele, as 
the cystocele is apt to overlap and obscure the position 
of the bladder neck and urethra (Fig. 5.8). In such cases 
the true lateral position is the only reliable view for as- 
sessing the bladder neck and proximal urethra. 


scopic examination of the bladder neck area (arrow) and uro- 
dynamic evaluation during micturition. 
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FIGURE 5.8. Oblique (A) and lateral (B) stress cystograms during straining. They show a (A) Cystocele obscures the bladder neck 
area. (B) The lateral stress cystogram shows the bladder neck area more accurately (arrow). 


Blaivas and Olsson described the various configura- 
tions of the bladder during video-urodynamic examina- 
tions. In their scheme patients were classified into three 
general categories (Fig. 5.9).26.27 Stress incontinence was 
defined as the involuntary loss of urine per urethra that 


Type III 


FIGURE 5.9. Radiographic findings for urethral hypermobility 
types 0, I, ILA, and IIB and intrinsic urethral weakness type III. 
The figures on the left are at rest and on the right during peri- 
ods of increased intraabdominal pressure. (From Kreder,27 
with permission.) 


occurred when, in the absence of a detrusor contraction, 
the intravesical pressure exceeded the urethral pressure.1 
Unfortunately for this classification, the configurations 
require simultaneous measurement of intravesical and in- 
traurethral pressures using expensive equipment and flu- 
oroscopy, which is not available in all centers. 


Urge Urinary Incontinence 


Urge incontinence is the involuntary loss of urine associ- 
ated with an abrupt and strong desire to void. It is usu- 
ally but not always associated with urodynamic findings 
of uninhibited detrusor contractions referred to as blad- 
der spasms or detrusor overactivity (Fig. 5.10). Although 
uninhibited detrusor contractions can occur in associa- 
tion with neurologic disorders, they are also seen in pa- 
tients who are neurologically normal. For this reason, 
detrusor instability is the term applied to describe unin- 
hibited detrusor contractions in patients with no under- 
lying cause or neurologic lesion. Detrusor hyperreflexia, 
on the other hand, refers to detrusor contractions in pa- 
tients with neurologic deficits. Examples of neurologic 
deficits are cerebral vascular accidents (CVA), multiple 
sclerosis, supraspinal cord lesions, peripheral neuro- 
pathies due to diabetes, and peripheral nerve injury due 
to ruptured lumbar discs. 

Detrusor instability is the second most common cause 
of female urinary incontinence, and its prevalence in- 
creases with age.28 Thirty percent of women over age 70 
who complain of lower urinary tract symptoms have un- 
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FIGURE 5.10. Uninhibited detrusor contractions (arrows) in a 
patient with detrusor instability undergoing filling cystomet- 
‘rography. The bladder neck is partially open, and contrast ma- 
terial is in the proximal urethra. c = catheter. 
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FIGURE 5.11. Liverpool nomogram for av- 
erage urine flow rate in women. (From 
Haylen et al.,34 with permission. ) 
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stable bladders. The diagnosis is primarily made by uro- 
dynamic testing. 


Overflow Incontinence 


Overflow incontinence manifests as frequent or continu- 
ous loss of urine associated with a distended bladder. 
This presentation of urinary incontinence may be due to 
a hypoactive bladder or to obstruction to the bladder 
outlet or urethra. Both conditions lead to overdistention 
of the bladder and subsequent overflow of urine. 


Bladder Outlet Obstruction 


The incidence of bladder outlet obstruction is rare in fe- 
males.!7 Farrar cited its presence in only 10% of females 
referred for evaluation. These findings have been sup- 
ported by Diokno et al.,29 who based their diagnosis on 
the basis of urodynamic video-pressure-flow criteria. 
They pointed out that a diagnosis of obstruction must be 
based on the demonstration of a relation between pres- 
sure and flow and should not be made on the basis of a 
single isolated parameter or any study that does not in- 
clude simultaneous measurements of such parameters. 
Once outlet obstruction is diagnosed, the location and 
its exact cause should be investigated. Evaluation should 
include a pelvic examination and postvoid residual deter- 
mination. Cystoscopy should be done to localize and visu- 
alize anatomic abnormalities that could lead to obstruc- 
tion. Often despite a thorough cystoscopic evaluation, an 
obvious lesion is not found. Pressure flow studies may 
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therefore be required with or without simultaneous radi- 
ologic evaluation of the voiding phase of micturition. 

Initially, a urine flow study can be performed as soon 
as a patient arrives at the office. The recommended val- 
ues for the lower limit of normal for the maximum urine 
flow rate in women range between 12 and 20 ml/s.30,31 
Abrams defined bladder outlet obstruction as a maxi- 
mum flow rate of less than 15 ml/s.32,33 For example, for 
a man 46-55 years of age voiding 200 ml, the minimum 
acceptable normal rate is 22 ml/s. Haylen and colleagues, 
on the other hand, constructed nomograms based on the 
urine flow rates of 249 women.34 (Figs. 5.11, 5.12). These 
nomograms provide normal reference ranges for urine 
flow rates over a wide range of voided volumes (50-600 
ml). In their study, women showed no statistically signifi- 
cant variation in either urine flow with respect to age, 
parity, or first versus repeated voiding. 

After determining the urine flow rate, the postvoid 
residual (PVR) volume can be measured. There are nu- 
merous controversies as to the upper limit of normal. A 
panel convened by the AHCPR came to the consensus 
that a PVR volume of less than 50 ml reflects adequate 
emptying and a volume of more than 200 ml is evidence 
of inadequate emptying.!4 Some studies have likewise 
shown that older women have higher residual volumes 
than younger patients.35 


Diagnosis 


The accurate diagnosis of female incontinence begins 
with a careful history, which determines the onset, fre- 
quency, and type of incontinence, the precipitating fac- 
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FIGURE 5.12. Liverpool nomogram for 
maximum flow rate in women. (From 
Haylen et al.,34 with permission.) 


tors (coughing, sneezing, standing up), and the severity 
of incontinence (as depicted by the number of pads or 
other protective devices used in a day). It attempts to 
pinpoint the duration and characteristics of inconti- 
nence episodes. The presence of factors that may result 
in temporary incontinence must be elicited.9.36 A history 
of previous surgery, irradiation, or trauma with attention 
to previous antiincontinence surgery is of utmost impor- 
tance. Another important factor taken into considera- 
tion is the patient’s fluid intake pattern, which includes 
caffeine-containing beverages and other diuretic fluids. 
Issuing a voiding diary and volume logbook can prove to 
be additional tools to the examiner. 


Physical Examination 


The physical examination is an essential part in the eval- 
uation of incontinent patients. An abdominal examina- 
tion may provide clues, such as detecting suprapubic 
fullness or tenderness. In women it includes an adequate 
pelvic examination, which assesses the external genitalia, 
perineal sensation, and the presence of the bulbocaver- 
nosus reflex. 

It easily assesses the state of the mucosal lining of the 
vagina or the degree of its pliability. The presence of 
pelvic prolapse, cystocele, enterocele, or rectocele is 
noted. A provocative stress test can elicit an episode of 
leakage; but more importantly it allows assessment of the 
position and mobility of the urethra. In one study a posi- 
tive provocative stress test (observed fluid loss via ure- 
thra while coughing with a full bladder) was significantly 
correlated with incontinence status and with stress or 
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mixed (predominant stress component) incontinence. 
The test produced more positive results when inconti- 
nence was of a moderate to severe degree.24 A bimanual 
examination should not be forgotten, as it can detect the 
presence of abdominal or adnexal masses and assess 
the laxity of the peripelvic structures. Other aspects of 
the physical examination are determination of the PVR 
volume through catheterization or by use of suprapubic 
ultrasonography. The complete evaluation of female in- 
continence can be augmented by cystoscopy, uro- 
dynamic evaluation, and radiographic evaluation when 
indicated. 


Male Voiding Dysfunction 


Bladder Outflow Obstruction 


Bladder outflow obstruction is one of the most common 
problems encountered in urologic practice. Surgical 
treatment of the most common variety, benign enlarge- 
ment of the prostate, constitutes one of the most fre- 
quently performed procedures within the specialty, ac- 
counting for 350,000 transurethral prostatectomies 
(TURPs) in 1985. In 1987 a survey of urologists showed 
that TURPs accounted for 38% of their major opera- 
tions. 

Generally, bladder outflow obstruction can be classi- 
fied according to its etiology. Thus they can be catego- 
rized as (1) fixed mechanical obstructions or (2) neuro- 
logic or functional obstructions.37 The most common 
disease resulting in pure mechanical obstruction is ure- 
thral stricture disease. Obstruction results in low 
flow/high pressure voiding. Depending on the cause of 
the obstruction, it can be diagnosed by retrograde ure- 
thrography, voiding cystourethrography, pressure flow 
studies, and endoscopy. 

It is presently unclear which factors cause obstruction 
in patients with benign prostatic hypertrophy (BPH). 
The size of the gland does not correlate with the degree 
of obstruction, and factors other than “volume” should 
be considered. The contribution of the prostatic capsule 
to the obstruction was stressed by Hinman.38 A capsule 
that freely expands can accommodate a large volume of 
adenoma without compressing the urethra and vice 
versa. Other factors, such as innervation of the prostatic 
capsule, also play a role in the evolution of obstruction. 
For instance, it is known that adrenergic stimulation 
causes contraction of the bladder neck, prostatic cap- 
sule, and adenoma, explaining why a-adrenergic receptor- 
blocking agents lower outlet resistance in patients with BPH. 

In general, patients with outflow obstruction complain 
of obstructive or irritative voiding problems. The ob- 
structive symptoms are hesitancy, a slow stream, pro- 
longed urination, and the sensation of incomplete emp- 
tying. On the other hand, the irritative symptoms are 
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frequency, nocturia, urgency, and urge incontinence. 
The evaluation of obstruction varies from center to cen- 
ter and may range from a history, physical examination, 
and endoscopic examination to more sophisticated eval- 
uation involving pressure flow studies. Significant outlet 
obstruction can exist in the presence of relatively normal 
flow rates, and the diagnosis in this group can be made 
only by pressure flow studies that show grossly elevated 
intravesical pressures,39,39a 


Urodynamic Evaluation 


Urodynamic measurements include uroflowmetry, cys- 
tometry, and pressure flow studies. Uroflow studies are 
noninvasive and easy to perform. However, controversy 
exists as to how reliable these studies are for the diagno- 
sis of outflow obstruction. In general, it is the consensus 
that the minimum voided volume should exceed 150 ml, 
and that patients with maximum flow rates in excess of 
15 ml/s generally have no obstruction.40-42 Normal ref- 
erence ranges over a wide range of voided volumes have 
been formulated in the form of nomogram charts34 
(Figs. 5.13-5.16). Other nomograms have likewise been 
constructed for men in an attempt to categorize them as 
having normal or abnormal flow rates. In the nomogram 
presented by Siroky et al.,43 patients with a flow rate less 
than two standard deviations (2 SD) from the mean 
(stippled areas in the nomogram) were considered to be 
obstructed.44 Abrams and Griffiths, on the other hand, 
correlated the maximum flow of urine with the true de- 
trusor pressure measured during the act of micturition4 
(Fig. 5.17). They found that, in general, a maximum flow 
of less than 10 ml/s associated with an elevated intravesi- 


cal pressure is indicative of outflow obstruction. One 


should be cautious, however, when grouping patients as 
obstructed or nonobstructed, particularly because 7% of 
patients exhibit flow rates in excess of 15 ml/s and are 
still obstructed.39 Other studies have indicated that as 
many as 25% of men with symptoms and flow rates sug- 
gestive of obstruction are in fact not obstructed.46 
Cystometry is indicated in patients with a clinical suspi- 
cion of bladder dysfunction not necessarily related to ob- 
struction. It is particularly useful in young patients com- 
plaining of irritative voiding symptoms (frequency, 
urgency, and urge incontinence) and for whom the diag- 
nosis of BPH would be equivocal. It is likewise useful for 
documenting detrusor instability, as 60% of patients with 
outlet obstruction secondary to BPH have this condi- 
tion.47,48 Sixty percent of these patients experience reso- 
lution of this detrusor overactivity following surgery to 
relieve the outlet obstruction. It is thus important to in- 
form patients preoperatively that these involuntary de- 
trusor contractions may persist postoperatively and may 
require additional treatment. Also, the findings of a 
large hypotonic bladder, decreased sensation, and the 
absence of detrusor activity initially preclude the perfor- 
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mance of prostatectomy. A period of intermittent self- 
catheterization or indwelling Foley catheterization usu- 
ally allows acceptable detrusor activity to return. Much 
controversy exists as to whether extensive urodynamic 
evaluation, including pressure flow studies, are needed 
to diagnose outflow obstruction. It should be noted that 
obstruction is defined as the presence of high intravesi- 
cal pressures accompanied by a low flow rate. The pres- 
ence of a low flow rate alone is not diagnostic of obstruc- 
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FIGURE 5.13. Liverpool nomogram for 
maximum urine flow rate (men under 
50 years: median 35 years). (From Haylen 
et al.,34 with permission.) 


tion, as the primary problem may be an underactive de- 
trusor. 


Urinary Incontinence 


The basic types of incontinence in women are also seen 
in men. Of particular interest is the high prevalence of 
urge incontinence secondary to detrusor instability, re- 
sulting from outlet obstruction in men. It can lead to in- 


FIGURE 5.14. Liverpool nomogram for 
average urine flow rate (men under 50 
years: median 35 years). (From Haylen 
et al.,34 with permission.) 
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FIGURE 5.15. Liverpool nomogram for av- 
erage urine flow rate (men 50 years and 
over: median 60 years). (From Haylen et 
al.,34 with permission.) 
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continence after prostatectomy and is not associated with 
a defective sphincter mechanism. Preoperative recogni- 
tion of this condition is important, as pharmacologic in- 
tervention alone may be all that is necessary to control 
postprostatectomy urine leakage. A cystometrogram can 
likewise be performed after prostatectomy to confirm 
the persistence or resolution of detrusor instability. 

A distinct physiologic subset of detrusor hyperreflexia 
is detrusor hyperreflexia with impaired contractility 
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FIGURE 5.16. Liverpool nomogram for 
maximum urine flow rate (men age 50 0 
years and over: median 60 years). (From 

Haylen et al.,34 with permission.) 


109 


100 200 300 


VOIDED VOLUME (ml) 


(DHIC). This entity was characterized by Resnick and 
Yalla and is present in both men and women.49 Occur- 
ring in as many as 33% of consecutively evaluated, in- 
continent, institutionalized elderly patients, DHIC was 
characterized by an uninhibited detrusor contraction 
emptying of less than half the bladder volume and usu- 
ally less than one-fourth of it. This situation is in contrast 
to pure detrusor hyperreflexia wherein uninhibited de- 
trusor contraction evacuates more than three-fourths of 
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Detrusor pressure versus maximum urinary flow rate 
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The “obstructed area” is defined as any area on or above the line. 


FIGURE 5.17. “Obstructed area” is defined as any area on or above the line. (Adapted from Abrams and Griffiths,45 with permis- 


sion.) 


the bladder volume. In essence, patients with DHIC have 
an overactive bladder but are unable to empty their blad- 
ders effectively. The impaired emptying is attributed to 
diminished detrusor contractile dysfunction and is asso- 
ciated with bladder trabeculation, a slow velocity bladder 
contraction, low detrusor reserve power, and a signifi- 
cant amount of residual urine. 

These patients are more likely to use the Valsalva ma- 
neuver to augment voiding. Clinically, patients with 
DHIC have symptoms of urge urinary incontinence with 
increased PVR, but they may also have symptoms of ob- 
struction, stress, or overflow incontinence. Careful evalu- 
ation is needed, as inappropriate treatment can result 
from misdiagnosis. It is diagnosed urodynamically, and 
treatment consists in anticholinergics and a program of 
intermittent self-catheterization. 

Stress incontinence is not commonly seen in men. 
More commonly, sphincteric insufficiency is brought 
about iatrogenically as a result of trauma or previous 
surgery, such as prostatectomy and transsphincteric ure- 
throplasty. The risk of incontinence is variable, depend- 
ing on the potential for damage to either the distal or 
proximal sphincter mechanism. Current postoperative 
incontinence rates for radical perineal or radical retro- 
pubic prostatectomy may range from 0.5% to 40.0%, and 
TURP has postoperative stress incontinence rates of 
1.7% and 0.4%, respectively, for significant or total in- 
continence.50-52 Fortunately, sphincteric urinary incon- 


tinence can now be surgically corrected using im- 
plantable prosthetic devices. 

The use of bioinjectables, notably Teflon, was first re- 
ported by Berg in 1973.53 The technique involved peri- 
urethral injection of agents to add bulk and to compress 
the urethral lumen at the injection site. Ideally, these 
bioinjectable materials are nonreactive, nonantigenic, 
nonmigratory, nonerosive, and easily applied. Presently, 
four bioinjectables are in use: collagen (Contigen), 
autologous fat, silicone (Macroplastique), and Teflon 
(Polytef or polytetrafluoroethylene). Only Contigen has 
been approved by the U.S. Federal Drug Administration 
(FDA) for treatment of intrinsic sphincter deficiency. 

Teflon has been variously reviewed primarily because 
of reports of particle migration, granuloma formation,54 
and the potential for neoplastic transformation.55 Until 
these controversies are resolved, the use of Teflon has 
been limited to small doses, such as has been used in the 
“Sting” procedure popularized by O’Donnell and Puri.56 

Collagen, on the other hand, has been widely accepted 
and has been used for such conditions as augmentation 
of facial scars, glottic insufficiency, gastrointestinal re- 
flux, and vesicoureteral reflux. Its application to the 
treatment of urinary incontinence by bulking the blad- 
der neck has had modest outcomes and minimal side ef- 
fects. It has been used for both sexes, but, women have 
had more encouraging results. One study reported 
63.6% cure or a significantly improved rate among 
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women with ISD. At present, however, its long-term effi- 
cacy is uncertain.57 

Men have had much lower cure and improvement rates 
than women, requiring more treatment sessions to 
achieve acceptable results and a larger volume of collagen 
per treatment session. In one such report, for instance, 
the men required 51.8 ml of collagen per treatment ses- 
sion and a mean of six treatments.58 The increased need 
for collagen and multiple treatments has had a direct im- 
pact on the cost of therapy; and when one adds the poor 
outcome to the picture one must consider other alterna- 
tives for treating male stress urinary incontinence. 

Implantable prosthetic devices have been gradually de- 
veloped since the mid-1970s. The current model, the 


Contre! Pump 


Females 


Males 


c AMS Implants by Sex p 


FIGURE 5.18. (A) AMS Sphincter 800 urinary prosthesis is an 
implantable, solid silicone elastomer device used to treat uri- 
nary incontinence in men, women, and children. This fluid- 
filled prosthesis consists of three components: cuff, pump, and 
pressure-regulating balloon attached to each other with kink- 
resistant tubing. The AMS Sphincter 800 can be implanted at 
either the bulbous urethra or bladder neck in men and adoles- 
cent boys. In females the cuff is placed at the bladder neck. 
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AMS 800 (American Medical Systems, Minnetonka, MN, 
USA) has become an important tool for urologic man- 
agement of incontinence. Most widely used for postradi- 
cal prostatectomy patients, it has also become a viable 
option for children and adults with a wide variety of 
problems resulting in incontinence, including female 
stress incontinence secondary to intrinsic sphincter defi- 
ciency, congenital and acquired neurogenic bladder, 
congenital anomalies, and bladder reconstruction after 
cystoprostatectomy.52,59-— 69 

The artificial urinary sphincter (AUS) consists of three 
basic components: the reservoir, inflatable cuff, and con- 
trol assembly (Fig. 5.18). The balloon reservoir is con- 
structed to provide a preset specific pressure within the 
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AMS Implants by Etiology 


(B) AMS implants by age. (C) AMS implants by sex. The data 
were compiled from U.S. AMS patient information forms dur- 
ing 1988-1992. (D) AMS implants by etiology. Other etiologies 
include posturethral surgery, pelvic fracture, exstrophy, epispa- 
dias, sacral agenesis, multiple sclerosis, urethrovaginal fistula, 
rectourethral fistula, congenital abnormalities, poliomyelitis, 
and other spinal cord lesions. (A-D: Courtesy of American 
Medical Systems, Minnetonka, MN.) 
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FIGURE 5.19. (A) Plain film of the pelvic area after artificial uri- | 


nary sphincter (AUS) insertion. Note the well rounded reser- 
voir (a), contrast material in the cuff inserted at the bladder 
neck (b), and the pump in the labia (c). (B) Plain film of the 


hydraulic system. The pressure produced is dependent 
on the elasticity of the wall of the balloon and the 
amount of fluid within the system. The balloon, which 
stores approximately 21 ml of fluid, is implanted at the 
suprapubic prevesical space. The cuff is manufactured to 
fit at either the bladder neck or the bulbous urethra and 
is manufactured in varying sizes to allow proper urethral 
sizing. In women the cuff is always implanted at the blad- 
der neck. In men it may be placed at the bladder neck or 
bulbous urethra, although the latter placement is much 
more prevalent. The control assembly consists of two 
parts: The upper half of the control pump houses the re- 
sistor and valves needed to transfer fluid to and from the 
cuff. The bottom part is a bulb the patient squeezes to 
transfer fluid from the cuff to the reservoir. A deactiva- 
tion button is also located in the control pump assembly 
and allows the device to be switched on or off by trans- 
scrotal or translabial manipulation. 

When this button is pushed, the device is deactivated, 
which means there is no transfer of fluid between reser- 
voir and cuff. The deactivation button is handy if one 
needs to open or empty the cuff for a prolonged period. 
A good example is when a Foley catheter must be left in- 
dwelling in the bladder for drainage. One must deacti- 
vate the cuff in the open position to prevent the urethral 
wall from being compressed between the cuff and the 
catheter, which inevitably leads to ischemia and erosion. 
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pelvic area in a patient with recurrent urinary incontinence 
after AUS insertion. Note the incompletely filled reservoir 
(a), minimal contrast in the cuff inserted at the bulbous ure- 
thra (b), and the pump in the scrotum (c). 


Because more of these devices are being used, familiar- 
ization with its placement is necessary for evaluation of 
sphincter malfunction. Recurrent incontinence after ar- 
tificial sphincter implantation (the most common com- 
plication) requires careful evaluation to determine its 
etiology. The potential causes of recurrent incontinence 
include improper operation of the pump control assem- 
bly for cuff deflation, urinary tract infection with de- 
trusor overactivity, cuff erosion, fluid loss, device mal- 
function, suboptimal occlusive pressure secondary to 
incorrect cuff size or tissue atrophy, and occlusion of the 
control assembly by debris.70,70a 

Aside from the history and physical examination, 
which comprise an important component of the evalua- 
tion of system failure, a plain film of the abdomen ob- 
tained in the activated and deactivated modes (F ig. 5.19) 
may be compared with postoperative films and may 
demonstrate tubing kinks or fluid leaks. A leak may be 
noted radiographically by the loss of contrast in the sys- 
tem or partial loss of contrast in the reservoir. The entire 
sphincter mechanism must be visualized, and the radiol- 
ogist should be alerted to obtain a plain abdominal film 
that includes the labia or the scrotum. Otherwise, the 
evaluation is incomplete. | 

When reporting radiographic evaluation of an AUS, 
the radiologist should acknowledge whether the device 
is visualized, note the location of the three parts (reser- 
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voir, cuff, and pump), and report the appearance of the 
connecting tubing. Because some of the devices are 
filled with contrast, the state of opacification of the bal- 
loon (reservoir) and cuff should be described. When the 
cuff is closed the cuff is observed to contain contrast, 
whereas if the cuff is open no contrast is seen in the cuff. 
Even if the cuff is empty, faint visualization of the cuff is 
usually possible. 

All artificial urinary sphincter devices are filled with ei- 
ther isotonic saline solution or an isotonic solution of 
contrast medium (10% Hypaque) unless the latter is pre- 
cluded by a patient's allergy to contrast material. For this 
reason, nonvisualization of the system does not necessar- 
ily mean fluid loss, as saline solution may have been used. 

Endoscopic examination may be necessary if fluid 
leaks cannot be demonstrated radiographically and is 
the study of choice to identify cuff erosion.59 When the 
latter is suspected, retrograde urethrography is con- 
traindicated because extravasation of contrast and pros- 
thesis infection may ensue. When no erosion is observed 
endoscopically, examination of the urethral lumen with 
the cuff activated may reveal a lack of urethral occlusion 
at the cuff site, suggesting tissue atrophy underneath the 
cuff. If both possibilities are negative, a retrograde ure- 
thral pressure study may be done with the cuff in the 
closed and open positions to measure the urethral pres- 
sure along the region of the cuff. Cystometry may also be 
used to identify uninhibited contractions. 
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Trauma of the Lower Genitourinary Tract 


Stuart M. Gaynes, Jay B. Hollander, and S. Zafar H. Jafri 


Trauma to the lower genitourinary tract often presents 
with clear signs and symptoms. Failure to properly diag- 
nose injuries to this region can lead to significant long- 
term morbidity. Approximately 7.5-16.0% of patients 
with a pelvic fracture sustain an injury to the lower geni- 
tourinary tract.!-5 Attempts should be made to optimize 
the initial management of a patient with a lower geni- 
tourinary injury in order to minimize future sequelae. 

Radiologic imaging is particularly important when 
evaluating patients who sustain lower genitourinary 
trauma. This chapter discusses the evaluation and man- 
agement of patients with bladder, urethral, and scrotal 
trauma. The imaging modalities used to assess these in- 
juries are presented. 


Bladder Trauma 


Injuries to the urinary bladder can result from blunt or 
penetrating trauma. The most important bladder in- 
juries to recognize are intraperitoneal and extraperi- 
toneal ruptures. These lesions are simple to diagnose so 
long as an index of suspicion is maintained. Trauma pa- 
tients with bladder rupture have a mortality of 9-31% 
due to more severe associated injuries.1-3,5-7 

About 7-10% of patients with traumatic pelvic frac- 
tures have rupture of the urinary bladder.3- 689 Con- 
scious patients with bladder tears generally have little ab- 
dominal discomfort or pain. The presence of hematuria 
should alert the clinician to the possibility of a bladder 
rupture. Microscopic hematuria, when associated with 
other clinical findings (e.g., suprapubic tenderness, a 
suspicious mechanism of injury, a pelvic fracture) may 
require investigation.!,4,5,8-10 However, gross hematuria 
is an absolute indication for further studies. 

When a trauma patient is unable to urinate, a urethral 
catheter should be passed so long as there is no evidence 
of blood at the urethral meatus or other signs suggestive 
of urethral trauma. If the integrity of the urethra is in 


question, a retrograde urethrogram should be obtained 
prior to Foley catheter placement. A cystogram should 
then be obtained if hematuria is present after the 
catheter is in position. 

Most extraperitoneal bladder ruptures are associated 
with fractures of the bony pelvis.1.2.6.10,11 This type of in- 
jury occurs when the bladder is pushed against the sharp 
edges of the broken pelvic bones, creating a tear. An of- 
fending bone spur is sometimes identified on pelvic ra- 
diographs. Extraperitoneal and intraperitoneal ruptures 
occur concurrently in 3-12% of bladder ruptures.!-3.6 

Intraperitoneal bladder ruptures can result from blunt 
and penetrating trauma. Blunt trauma to a distended 
bladder can cause the bladder to rupture at its weak 
points (i.e., the dome and posterior wall) ,2 which results 
in leakage of urine into the peritoneal cavity. Seatbelt 
trauma can cause this type of injury during the decelera- 
tion of an automobile accident. Children are ‘more 
prone to this injury because of the intraperitoneal posi- 
tion of their bladders. Clinicians should be observant for 
contusions and other signs of lower abdominal trauma, 
which increase the suspicion for bladder injury. 

Penetrating lower abdominal trauma almost always 
requires surgical exploration, but it is helpful to iden- 
tify a bladder lesion prior to surgery. Iatrogenic pene- 
trating injuries to the urinary bladder can result from 
laparoscopic and open urologic, obstetric, and gyneco- 
logic surgery. Delayed recognition of these injuries can 
result in fistula formation, renal insufficiency, and in- 
fection. Endoscopic urologic procedures have also 
been shown to result in bladder perforation. Prevesical 
hematomas have been described as rare complications 
of transrectal biopsy of the prostate.!2 Self-limiting ex- 
traperitoneal contrast extravasation has been reported 
in patients with unused bladders during voiding cys- 
tourethrography.13.14 It has been postulated that in the 
small-capacity defunctionalized bladder changes occur 
in the mucosa that render it more permeable or vulner- 
able to injury.13 
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Imaging Modalities 


Cystography 

Retrograde contrast cystography is the standard radio- 
logic study for urinary bladder imaging in cases of sus- 
pected injury.3.5,7,10,15,16 The intravenous pyelogram 
should not replace a contrast cystogram to rule out blad- 
der perforation. A preliminary film of the pelvis should 
always be obtained prior to administration of any con- 
trast agent, as it identifies foreign bodies and fractures, 
which are markers for injury to the lower urinary system. 
In addition, a scout film can reveal the presence of ra- 
diopacities that may later be confused with extravasa- 
tion. 

The cystogram!’ is obtained by first passing a Foley 
catheter into the bladder. Foley catheter sizes ranging 
from 14F to 18F with a 5 ml balloon can be used in 
adults. If a urethral injury is suspected, it must be evalu- 
ated with a retrograde urethrogram prior to passage of a 
catheter. The bladder must be distended to near capacity 
in order to obtain an accurate study, but an early filling 
film can help identify a large perforation, especially if 
the study is performed with overhead radiographs only 
and not under fluoroscopic observation, which is the 
ideal situation. An optimal cystogram requires an infu- 
sion of at least 400 ml of contrast in adults and 5 ml/kg 
in children (Fig. 6.1). Routine infusions of smaller vol- 
umes of contrast have been associated with false-negative 
studies.1.16 Another endpoint suggested by Bonavita and 
Pollack is to fill the bladder with contrast until a detru- 
sor contraction is provoked so as to be sure that a suffi- 


FIGURE 6.1. Contrast cystogram at maximum bladder filling 
demonstrates extraperitoneal extravasation along the right 
side of the bladder (arrow). 
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ciently high intravesical pressure has been achieved.!8 
The bladder should be filled by low pressure gravity in- 
fusion (the contrast is suspended above the patient and 
allowed to flow into the bladder). The contrast used 
should be diluted to at least 50% of its original concen- 
tration if it is Renografin-60 (meglumine and sodium di- 
atrizoate); alternatively, Hypaque-50 (sodium ditrizoate) 
or preferably a 30% concentration of iodinated contrast 
such as Cystografin (meglumine diatrizoate) can be 
used. Care should be taken to avoid spilling contrast on 
the patient as it can obscure results. 

Radiographs of the bladder from multiple projections 
are necessary to accurately identify a leak. A standard 
anteroposterior view at maximum filling is obtained 
along with oblique films as required. If the patient is he- 
modynamically stable, a film obtained when approxi- 
mately one-fourth (100 ml in an adult) of the contrast!9 
is infused may identify an injury early in the study and 
decrease the contrast burden. A drainage film should al- 
ways be obtained, as some tears are identified only with 
this maneuver.2.16 


Computer Tomography 


Computed tomographic (CT) scans are commonly per- 
formed on patients who sustain blunt abdominal 
trauma. When intravenous contrast is administered, ex- 
travasation of urine is sometimes identified, but the sen- 
sitivity is variable.10,12,20,21 Clamping the Foley catheter 
prior to the study may improve detection of contrast ex- 
travasation.22 At present, a negative CT scan performed 
with intravenous contrast injection only does not elimi- 
nate the need for a standard cystogram if one is indi- 
cated. The yield of CT scanning can be increased by fill- 
ing the bladder with contrast prior to the scan.23 The 
same methods used for conventional cystography are 
used for bladder filling. This test should be done only if 
the patient requires a CT scan for evaluation of other ab- 
dominal injuries (Fig. 6.2). This technique has been 
shown to be as sensitive as standard cystography for de- 
tecting bladder rupture.23 


Ultrasonography 


The use of ultrasonography is limited for diagnosing 
bladder rupture. Findings are inconsistent and highly 
operator-dependent. Ultrasonography may be able to ac- 
curately identify a bladder contusion, blood clot, or the 
presence of free fluid, but it would not eliminate the 
need for cystography. Ultrasonography can potentially 
identify a foreign body that has eroded into the blad- 
der.24 


Intravenous Urography 


Trauma patients often are subjected to intravenous urog- 
raphy for (IVU) evaluation of the upper urinary tract. 
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FIGURE 6.2. (A) CT scan performed after the infusion of con- 
trast into the bladder of a patient with pelvic trauma reveals in- 
traabdominal contrast extravasation from an intraperitoneal 
bladder rupture. Note contrast pooling around the liver (L) 


IVU sometimes suggests the diagnosis of a bladder rup- 
ture, although a normal urogram does not rule out a 
bladder injury. Patients should always undergo cystogra- 
phy if trauma to the bladder is suspected even if the uro- 
gram fails to diagnose an injury. 


Findings and Management 
Pelvic Hematoma 


A pelvic hematoma can be suspected from the cys- 
togram. With a unilateral pelvic hematoma, the bladder 
is pushed to the side opposite the hematoma (Fig. 6.3). 
If bilateral pelvic hematomas are present, the bladder 
appears “pear-shaped” with the long axis oriented verti- 
cally (see Chapter 3). These patients usually require tem- 
porary Foley catheter placement owing to concomitant 
injuries and immobilization. 


FIGURE 6.3. Left-sided pelvic hematoma secondary to trauma 
displacing the contrast-filled urinary bladder to the right. 
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and spleen (S). (B) On the CT scan of the pelvis, contrast is 
also seen outlining loops of intestine (arrow) and filling the 
cul-de-sac consistent with an intraperitoneal bladder rupture. 


Bladder Contusion 


The presence of gross hematuria without an identifiable 
bladder rupture or other urinary tract injury suggests 
the presence of a bladder contusion! in cases of major 
pelvic trauma. A filling defect in the bladder demon- 
strated on cystography is consistent with edema of the 
bladder wall or the presence of a blood clot. A partial- 
thickness tear of the bladder wall can also give the ap- 
pearance of a contusion on the cystogram.20 

Partial tears and contusions of the bladder are treated 
with Foley catheter drainage until the urine is grossly 
clear. If a partial bladder tear is suspected, a repeat cys- 
togram should be obtained prior to catheter removal to 
exclude delayed rupture. Care should be taken to keep 
intravesical pressures low, especially if these patients re- 
quire manual bladder irrigation for blood clot removal. 
High pressures can convert a partial tear into a complete 
bladder rupture. 


Extraperitoneal Rupture 


Bladder ruptures that do not involve extravasation of 
urine into the peritoneal cavity are classified as ex- 
traperitoneal ruptures. This type of injury is usually asso- 
ciated with a pelvic fracture.1,2.6,10,11 Urine initially ex- 
travasates into the prevesical space (of Retzius) and may 
then dissect along fascial planes into the upper thigh, 
perineum, or retroperitoneal space. This spectrum of 
dispersion leads to a variable presentation of these in- 
juries on contrast studies. 

The classic cystograhic finding of extraperitoneal 
bladder rupture is the flame-shaped appearance of ex- 
travasated contrast (Figs. 6.1, 6.4). This distribution of 
contrast is an outline of the perivesical space. If contrast 
dissects into the perineum, these injuries may be diffi- 
cult to distinguish from those of urethral disruption. 
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FIGURE 6.4. Cystogram demonstrates an extraperitoneal blad- 
der rupture contained within the prevesical space (arrows). 


Retroperitoneal contrast is sometimes confused with in- 
traperitoneal extravasation. The amount of extravasa- 
tion does not always correlate with the size of the blad- 
der tear. Extraperitoneal and intraperitoneal bladder 
ruptures can occur together and are managed as in- 
traperitoneal tears. 

Most extraperitoneal bladder ruptures heal without 
surgery but with 7—10 days of Foley catheter drainage,3.6. 
10,25-28 although some surgeons have advocated early 
surgical repair.2 Fewer than 15% of bladder lacerations 
treated with catheter drainage fail to heal within 7-10 
days.3,6,10,25 Continued catheter drainage for another 
week or delayed surgery for closure of the defect are 
both treatment options for the unhealed_ bladder. 
Surgery may be required if a large bone spur from a 
pelvic fracture is present. The spur may have to be re- 
moved in order to avoid continued injury to the bladder 
from the sharp edges of the bone. 

The bladder is closed in one to three layers using ab- 
sorbable sutures at the time of operation. A Foley 
catheter should remain in place for 5-7 days if the blad- 
der is surgically closed. A Penrose drain is left in the ex- 
traperitoneal space until the catheter is removed. Antibi- 
otics are sometimes used but are not absolutely indicated 
unless infection is present.6 

All patients with extraperitoneal bladder ruptures 
must have a follow-up cystogram with a drainage film 
prior to catheter removal. Even if the patient has under- 
gone surgical repair of the bladder, a repeat cystogram 
should be obtained, as a tear could have been missed at 
the time of surgery. 
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Intraperitoneal Rupture 


An intraperitoneal bladder rupture is identified when 
leakage of contrast into the peritoneal cavity is seen on 
the cystogram. The findings may be subtle or dramatic. 
With classic cases, contrast outlines loops of bowel and 
even collects in dependent areas or around solid organs 
(Fig. 6.5). A concomitant extraperitoneal rupture some- 
times obscures the intraperitoneal component. 

Diagnosis of intraperitoneal bladder rupture is some- 
times delayed especially when due to unrecognized iatro- 
genic injury (Fig. 6.6). The patient may have persistent 
low grade abdominal discomfort and distention. The 
physical examination may suggest the presence of as- 
cites, and the blood urea nitrogen and serum creatinine 
levels may be elevated.29 The cystogram is confirmatory 
(Fig. 6.7). 

All intraperitoneal bladder ruptures should be surgi- 
cally repaired. The bladder can be closed in single or 
multiple layers using absorbable sutures. An intraopera- 
tive cystogram using normal saline helps detect any 
missed lesions. If the diagnosis is still in question, indigo 
carmine or methylene blue can be used to identify tears. 
These agents can also be injected intravenously if there 
is concern about the patency or location of the ureteral 
orifices. Generally a large (> 18F) suprapubic tube is 
placed at the time of surgery, which allows more effi- 
cient irrigation should blood clots develop. 
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FIGURE 6.5. Cystogram reveals an intraperitoneal bladder rup- 
ture. Contrast is seen throughout the peritoneum and outlines 
loops of small intestine (arrows). 
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FIGURE 6.6. (A) Patient with known chronic bladder dysfunc- 
tion secondary to multiple sclerosis presented with abdominal 
pain. CT scan demonstrates a markedly thickened bladder wall 
(arrow B) and pockets of pelvic fluid (arrows A). (B) Contrast 


The abdomen is explored for other injuries at the time 
of surgery even if they are not suspected preoperatively. 
In cases of bowel injury or other contamination, prophy- 
lactic antibiotics are administered. Repeat contrast cys- 


FIGURE 6.7. Cystogram reveals an unrecognized intraperitoneal 
bladder rupture secondary to laparoscopic gynecologic 
surgery. The patient presented with abdominal pain and ele- 
vated blood urea nitrogen and creatinine levels. On this cys- 
togram contrast can be seen throughout the peritoneum and 
particularly in the paracolic gutters (arrows). 
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(C) can be seen within the bladder (B) on the second film. 
Intraoperatively, the patient was found to have areas of con- 
tained intraperitoneal bladder rupture corresponding to A ar- 
rows in Fig. 6.6.A. 


tography is performed 1-2 weeks postoperatively to as- 
sess the healing prior to catheter removal. 

There have been some reports of conservative treat- 
ment of intraperitoneal bladder ruptures using only 
catheter drainage.26-28 This treatment modality. is dis- 
couraged except possibly in the case of a perforation re- 
sulting from transurethral surgery.6.26 This defect is usu- 
ally small and many times heals with prolonged catheter 
drainage. Closure is necessary, however, if significant 
bleeding occurs. 


Urethral Trauma 


The urethra is susceptible to injury from blunt, penetrat- 
ing, and iatrogenic trauma. The male urethra is much 
more vulnerable to injury than the female urethra, 
which is short and protected by surrounding tissues. Sus- 
picion of a urethral injury in trauma patients is raised 
based on the mechanism of injury, physical findings, 
and associated injuries. Male individuals with suspected 
urethral trauma should always undergo radiologic evalu- 
ation of the urethra. 

Urethral injuries in the male patient are classified 
based on the anatomic location of the lesion. Injuries to 
the urethra distal to the urogenital diaphragm (the pe- 
nile and bulbous portions) are termed anterior urethral 
injuries. Posterior urethral injuries involve the membra- 
nous and prostatic segments of the urethra. These dis- 
tinctions aid in the diagnosis and management of male 
urethral injuries.30a 

There are several mechanisms of blunt trauma to the 
pelvic and perineal regions that can result in injury to 
the urethra. Forces strong enough to cause fractures of 
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the bony pelvis are commonly associated with urethral 
injuries. Combined bladder and urethral injuries occur 
in 3—26% of cases.1,3-5,30 

Injuries to the male posterior urethra and most in- 
juries to the female urethra are associated with pelvic 
fractures.30 Among 200 consecutive patients with pelvic 
fractures studied by Palmer et al., the incidence of associ- 
ated urethral injury was 5.5%.3 Straddle injuries, in 
which the male perineum is subject to a direct blow 
(commonly a bicycle crossbar or a fence), can result in 
damage to the bulbous urethra. Penetrating and iatro- 
genic trauma can affect the urethra along its entire 
course. Iatrogenic injuries are caused by insertion of for- 
eign bodies into the urethra for medical (i.e., Foley 
catheter, cystoscope) or self-stimulatory purposes. 

The classic physical finding associated with urethral 
trauma is blood at the urethral meatus.530 Although this 
finding is not completely sensitive or specific for ure- 
thral injury, it always warrants radiologic evaluation of 
the urethra when trauma is suspected. Other physical 
clues to urethral injury are an inability to void and a 
high-riding prostate detected by rectal examination. 
Bruising of the perineum can also be a sign of urethral 
damage. 


Imaging Modalities 
Retrograde Urethrography 


Retrograde urethrography is the standard technique for 
imaging the traumatized male urethra.16,31,32,32a Retro- 
grade imaging of the female urethra is rarely necessary, 
as injury can be diagnosed by physical examination and 
Foley catheter placement in most cases. The same con- 
trast agents that are used for cystography are employed 
for urethrography. The injection of 25-30 ml of contrast 
(0.2 ml/kg in children) is generally needed to fill the 
entire urethra in the male adult.17 

There are several methods of contrast injection.14,22 
Our preferred method is “dynamic retrograde urethrog- 
raphy,” described by McCallum.33 This method requires 
that the contrast be moving through the urethra at the 
time of film exposure to ensure visualization of the en- 
tire urethra. A Foley catheter (8F-16F) preloaded with 
contrast is inserted into the distal urethra and the bal- 
loon inflated with 2-3 ml of water (or air) to hold it in 
place. Lubrication should not be used, as the catheter 
might slip out. Ideally, injection is monitored by fluo- 
roscopy. 

An irrigation syringe with the tip inserted directly into 
the meatus can be used for contrast injection, but the 
images may be obscured by the examiner’s hands, which 
are directly exposed to the x-ray beam. This technique is 
therefore highly undesirable. Specialized penile clamps 
(e.g., Brodny) are also available but are cumbersome.34 
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A preliminary anteroposterior radiograph of the pelvis 
and any additional oblique views as required should be 


= obtained prior to the injection of contrast. If possible, 


urethrography should be performed under fluoroscopic 
guidance. Oblique films of the urethra (60 degrees) 
should be obtained during the injection of contrast to 
avoid geometric foreshortening and superimposing por- 
tions of the urethra. 

The endpoint of the examination is visualization of ei- 
ther the entire urethra or an area of contrast extravasa- 
tion. Contrast should be injected slowly with gentle sy- 
ringe pressure in order to avoid both intravasation into 
the corpus spongiosum of the urethra and venous back- 
flow (Fig. 6.8). In some patients, suboptimal images of 
the prostatic urethra are obtained owing to spasm of the 
external sphincter. In these cases, gentle but continued 
syringe pressure (preferably under fluoroscopic control) 
may be able to overcome the contraction of the external 
sphincter, allowing visualization of the posterior urethra. 
If the patient is able to cooperate, another helpful ma- 
neuver is to ask him to “pretend that he is voiding” in or- 
der to open up the external sphincter while pressure is 
maintained on the syringe plunger (Fig. 6.9). Often mul- 
tiple injections of contrast are required. 


Voiding Cystourethrography 


The voiding cystourethrogram (VCUG) can be used in 
several ways to evaluate the traumatized urethra. This 
test involves retrograde filling the bladder with contrast 
and imaging the urethra as the patient voids. The de- 
tails of this examination are found elsewhere in this text 
(see Chapter 3). The VCUG is used to assess urethral 
healing after an injury has been treated. Additionally, a 
VCUG sometimes provides good images of the female 
urethra. 

The VCUG can be used to image a urethra that evokes 
a high suspicion of injury but was not imaged at the time 
of trauma because of severe concomitant injuries or he- 
modynamic instability. Typically, a urethral catheter or a 
suprapubic tube has been in place (possibly even for 
treatment of a concomitant bladder rupture), and the 
physician desires to image the urethra. A retrograde 
study with an indwelling urethral catheter in place can 
be performed using a small feeding tube inserted along- 
side the Foley catheter, but the results generally can rule 
out only a major urethral injury. VCUG performed at 
the time of catheter removal provides a much better view 
of the urethra. 


Findings and Management 
Anterior Urethral Injuries 


The spectrum of injuries to the anterior urethra pro- 
vides distinct radiologic images. Most patients with ante- 
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FIGURE 6.8. (A) Retrograde urethrogram demonstrates a com- 
plete anterior urethral disruption and a large amount of ve- 
nous intravasation from the forceful injection of contrast. (B) 


rior urethral injuries have damage to the bulbous ure- 
thra secondary to blunt or iatrogenic trauma. Iatrogenic 
anterior urethral injuries can result from both cysto- 
scopic and open (i.e., placement of a penile prosthesis) 
surgery. In addition, self-instrumentation of the urethra 
with foreign bodies is not uncommon and can result in 
anterior urethral injury. 

Trauma to the anterior urethra can present as blood at 
the meatus or as initial or terminal hematuria (blood 


A 


FiGURE 6.9. (A) In this patient, who sustained a gunshot wound 
to the pelvis, an initial film during retrograde injection of con- 
trast against a closed external sphincter fails to demonstrate 
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Follow-up retrograde urethrogram 2 months later shows com- 
plete obliteration at the level of the bulbous urethra. 


seen at the beginning or at the end of urination, respec- 
tively). This picture is in contrast to blood originating 
from the bladder or above, which generally produces 
hematuria throughout urination (total hematuria). 
Injuries to the anterior urethra can be classified on a 
continuum from a urethral contusion to incomplete or 
complete rupture. A contusion can be diagnosed when 
the radiologic workup is negative but trauma has been 
confirmed by history, physical examination (e.g., ecchy- 


B 


the posterior urethra. B = bladder. (B) On a second attempt, 
complete urethral filling to the bladder discloses gross contrast 
extravasation (arrow). 
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mosis, swelling), or endoscopic visualization. No treat- 
ment is necessary for contusions, although close follow- 
up is required to be certain that the hematuria resolves 
and the patient is able to void. 

Disruption of the anterior urethra can be visualized on 
radiographs as extravasation of contrast from the ure- 
thral mucosal disruption. An incomplete anterior ure- 
thral rupture is identified when contrast is seen to ex- 
travasate from the urethra but also passes freely into the 
bladder.5.34 In most patients with this lesion the defect is 
small. 

Small partial anterior urethral disruptions can be man- 
aged by several days of urethral catheter drainage.!9 A 
catheter may pass easily, but urologic consultation should 
be obtained prior to this procedure. A urologist can at- 
tempt standard placement of a urethral catheter or may 
elect direct vision assistance with a cystoscope. A more 
conservative approach is to insert a suprapubic tube35,36 
for urinary drainage. The goal always is to achieve uri- 
nary drainage without converting the partial tear to a 
complete disruption. 

A complete anterior urethral rupture is identified 
when contrast extravasation is observed without bladder 
filling (Fig. 6.8). These injuries require urgent urologic 
consultation for suprapubic bladder drainage.33,35,36 Įm- 
mediate urethral repair or placement of a urethral 
catheter may not be indicated.19,30 These lesions can 
heal with suprapubic urinary diversion. A follow-up 
VCUG should be obtained to confirm healing. Stricture 
formation is a delayed complication that can be treated 
once the urethra has healed (Fig. 6.10). 

Penile injuries can occur in conjunction with anterior 
urethral disruptions. The integrity of Buck’s fascia is a 
key element when evaluating these injuries. Buck’s fascia 
is a thick covering that envelopes the corpus cavernosa 
and corpus spongiosum and inserts on the perineal 


FIGURE 6.10. Retrograde urethrogram reveals a tight anterior 
urethral stricture (arrows) following traumatic disruption. 
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membrane. If Buck’s fascia remains intact along with an 
injured corpus, a retrograde urethrogram demonstrates 
contrast contained around the penis. Swelling and ec- 
chymosis of the penis can be seen on physical examina- 
tion. 

If an injury to a corpus occurs and Buck’s fascia is vio- 
lated, contrast (and urine) are able to dissect down tis- 
sue planes into the scrotum, perineum, thigh, and lower 
abdominal wall. The patient may exhibit the classic but- 
terfly hematoma of the scrotum and perineum. 

Penetrating trauma often results in both penile and 
urethral lesions (Fig. 6.11). The patient requires surgery 
for the penile injury, and the urethra can be primarily 
repaired at the same time with satisfactory results.30,36,37 
Others have recommended conservative treatment of 
the urethral injury with suprapubic drainage and pro- 
phylactic anubiotics.35 


Posterior Urethral Injuries 


The posterior urethra is composed of the membranous 
and prostatic portions of the urethra. Most injuries to 
this region of the urethra are associated with fractures of 
the bony pelvis. Approximately 5-17% of patients with a 
traumatic pelvic fracture have an associated posterior 
urethral injury.3.6.31 Posterior urethral injuries are classi- 
fied into three types (Fig. 6.12) based on the radiologic 
findings at the time of retrograde urethrography.31,32 
Type I injuries result when a hematoma collects in the 
prostatic fossa, elevates the bladder from the pelvis, and 


FIGURE 6.11. This shotgun injury to the perineum resulted in 
penile and urethral injuries. A partial urethral tear to the bul- 
bous urethra can be seen on this retrograde urethrogram (ar- 
row). 
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FIGURE 6.12. Three types of posterior ure- 
thral injury associated with pelvic frac- 
tures. P = prostatic urethra; B = bulbous 
urethra; UGD = urogenital diaphragm; S = 
symphysis pubis. (Adapted from Colapinto 
and McCallum’! and Sandler et al.32 
(Drawing courtesy of Dr. Sherry Birchansky.) 


places external pressure on the posterior urethra. It 
stretches the urethra but does not tear it. Elongation of 
an otherwise intact urethra is demonstrated on ure- 
thrography. No specific treatment is necessary for this 
type of injury, but the patient may have difficulty voiding 
owing to compression of the urethra. A urethral catheter 
can be placed for a few days if needed. 

Type II injuries consist of a partial or complete rup- 
ture of the posterior urethra above an intact urogenital 
diaphragm. The retrograde urethrogram reveals extrava- 
sation of contrast superiorly into the pelvis. Contrast is 
prevented from going inferiorly by the intact urogenital 
diaphragm. With type III injuries, the membranous ure- 
thra is disrupted, with extension of the injury into the 


FiGURE 6.13. (A) Initial urethrogram demonstrates fractures to 
the bony pelvis with contrast extravasation at the level of the 
membranous urethra. (B) Another film reveals a type III ure- 
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urogenital diaphragm and proximal bulbous urethra. 
This injury allows extravasation of contrast above and be- 
low the urogenital diaphragm into the perineum (Fig. 
6.13). 

A small, partial posterior urethral rupture can be 
treated with either a suprapubic tube38 or a gentle at- 
tempt at urethral catheter drainage.5.19 Placement of a 
urethral catheter is controversial because of the possibil- 
ity of causing complete disruption. A urologist should be 
involved if posterior urethral trauma is documented. Ei- 
ther a suprapubic bladder drainage tube or a urethral 
catheter (under direct vision) can be placed. The cath- 
eter should be left in place for 3 weeks and VCUG per- 
formed at the time of catheter removal to assess healing. 


thral injury with disruption of the urogenital diaphragm and 
contrast spill into the perineum and prevesical space. 
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Complete rupture of the posterior urethra can be 
managed with placement of a suprapubic catheter for 
bladder drainage alone with delayed surgical repair of 
any subsequent problems such as urethral stricture or in- 
continence.5.19,30,36,41 

Combining the acute placement of a suprapubic 
catheter with primary realignment of the urethra over a 
Foley can diminish the risk of stricture formation and 
need for delayed surgical repair. 39,40,32a 

Recent reports of primary re-alignment using im- 
proved techniques have further reduced complications 
and stricture formation.32b,32c 


Complications 


There are three major long-term complications from 
urethral injuries: stricture, incontinence, and impo- 
tence.30,40,42 Strictures occur after both anterior and pos- 
terior injuries (Figs. 6.8, 6.10). They are more commonly 
associated with complete urethral ruptures than with 
partial disruptions. Often patients require multiple pro- 
cedures for the treatment of recurrent strictures. 
Impotence can result from both direct nerve damage 
and vascular problems related to corporal disruption. In- 
continence occurs in association with posterior urethral 
damage. The urinary sphincter may suffer a primary in- 
jury or may be dysfunctional because of nerve injury. 


Female Urethral Injuries 


Traumatic injuries to the female urethra are rare.43 They 
are likely to be associated with a bladder neck injury ora 
vaginal laceration,30,44,.45 emphasizing the need for a 
vaginal examination in suspicious cases. Any difficulty 
with voiding or the appearance of vulvar edema after re- 
moval of a Foley catheter should alert the clinician to the 
possibility of an injury to the female urethra.44 Iatro- 
genic injury to the female urethra can result from gyne- 
cologic or urologic surgery. Injuries to the female ure- 
thra may result in fistula formation and incontinence. 


Testicular Trauma 


Injuries to the testicle may result from blunt or penetrat- 
ing trauma. The testicle is mobile and covered by a thick, 
fibrous coating, the tunica albuginea, which helps pro- 
tect it from blunt injury.46 A significant amount of blunt 
force is required to rupture the tunica albuginea and 
cause extrusion of seminiferous tubules. 

Physical examination of the scrotum is the most im- 
portant aspect of the evaluation of a patient sustaining 
testicular trauma. A clue to blunt injury is the presence 
of scrotal skin ecchymosis or swelling. Testicular injury is 
usually unilateral,46,47 and the traumatized testicle can 
be compared to that on the uninvolved side. The testicle 
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is examined for size, consistency, masses, and surface 
contour. 

Physicians must be wary because other testicular con- 
ditions can present with a history of trauma. Patients 
with testicular tumors may discover a mass after relatively 
mild trauma and present for evaluation. Similarly, a pa- 
tient with testicular torsion may give a history of an- 
tecedent trauma. Epididymitis can also result from a 
traumatic episode. 

A urologist should immediately be consulted to evalu- 
ate all cases of suspected major testicular injury. Minor 
injuries can be referred to the urologist as an outpatient 
if the testicle can be adequately examined and feels nor- 
mal. The continued refinement of scrotal imaging has 
greatly aided in the diagnosis, management, and follow- 
up of testicular injuries. 


Imaging Modalities 


Scrotal ultrasonography is the dominant imaging modal- 
ity used to evaluate testicular pathology. Its use as an ad- 
junct in the evaluation of testicular trauma has resulted 
in increased diagnostic accuracy for these injuries.47,48 In 
combination with the physical examination, ultrasonog- 
raphy can be helpful for deciding whether a patient re- 
quires surgery or can undergo a period of observation. It 
is also helpful for following a testicular injury until heal- 
ing is complete. 

Ultrasonography provides excellent images of the scro- 
tum and its contents because of their superficial loca- 
tion. Normal testicular parenchyma has a homogeneous 
echo pattern, and the surface contour is smooth. Any 
significant disruption of the testicular architecture pro- 
duces abnormal images. As a result of trauma, the testi- 
cle can be dislodged from its usual position within the 
scrotum.47,49 The physical examination is limited in 
these cases, and the use of ultrasound scans is particu- 
larly helpful for locating the testicle and determining 
the extent of the injury. 

Intratesticular blood flow can be assessed using a trans- 
ducer with Doppler capability. This technique can distin- 
guish a hematoma (no flow) from a space-occupying le- 
sion (Fig. 6.14). Doppler ultrasonography can also be 
used to evaluate the extent of a major arterial injury to 
the testicle .324,49a,49b 

The ultimate goal in the evaluation and treatment of 
testicular trauma is the preservation of normal testicular 
function. Scrotal ultrasonography can be an adjunct to 
the physical examination in the evaluation of these in- 
juries. It is helpful if it reveals normal testicular architec- 
ture, as many times the physical examination is limited 
by pain or swelling. If the ultrasound examination sug- 
gests major testicular injury, surgical exploration should 
be undertaken. 


6. Trauma of the Lower Genitourinary Tract 


FIGURE 6.14. Sagittal color Doppler ultrasound scan (displayed 
in gray scale) of the scrotum shows a focal hypoechoic area (ar- 
row) with no demonstrable flow following trauma. This picture 
is consistent with an intratesticular hematoma. 


Findings and Management 
Contusion and Hematoma 


A testicular contusion is suspected if the physical exami- 
nation reveals only a mildly swollen, tender testicle. The 
epididymis can also sustain a contusion injury. The phys- 
ical examination may be normal except for tenderness, 
or the testicle may be enlarged secondary to edema. The 
testicular architecture is preserved. On ultrasound scans 
a contusion appears as a hyperechoic area within the tes- 
ticle (Fig. 6.15). Treatment involves bed rest, scrotal ele- 
vation, and analgesia. Follow-up is essential to ensure 
proper healing. 

An acute hematoma causes scrotal enlargement, which 
may obscure physical examination of the testicle. Ultra- 
sonography provides an assessment of the testicular ar- 
chitecture to determine if the patient can be managed 
conservatively. If a hematoma cannot be distinguished 
from a testicular rupture by ultrasound scanning and 
physical examination, exploration may be indicated.50,51 

Acute and chronic hematomas have distinct sono- 
graphic patterns (Fig. 6.16). An acute hematoma is echo- 
genic. As the hematoma liquefies, the fluid becomes less 
echogenic and appears as a sonolucent area with fine 
septations.50 Unlike a contusion, this area is devoid of 
blood flow. 

Treatment for a scrotal hematoma is conservative un- 
less the lesion is large, infected, or increasing in size. If 
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FIGURE 6.15. Scrotal ultrasound scan reveals an intratesticular 
contusion (C) secondary to blunt trauma. The area is hyper- 
echoic, and blood flow to the area was present (not shown) 
when evaluated with Doppler studies. 


the hematoma enlarges the testicle to two to three times 
its normal size, surgical exploration and drainage are 
recommended.46.50 Similarly, if the hematoma becomes 
infected, the patient requires operative drainage. 
Conservative treatment of a scrotal hematoma re- 
quires close patient follow-up and serial examination of 
the injured testicle to ensure proper healing. An ultra- 
sound examination is mandatory to document complete 
resolution of any nonoperative testicular injury. Explo- 


ration may be required if the presence of a tumor cannot 
be excluded. 


Rupture 


Testicular rupture is characterized by a break in the in- 
tegrity of the tunica albuginea. Most of these injuries are 
the result of direct blunt trauma to the scrotum. Seminif- 
erous tubules are extruded, causing pain and swelling. 
The swelling may be limited if the rupture is contained 
within the tunica vaginalis.50 

Testicular rupture after blunt trauma to the scrotum is 
rare, but a high index of suspicion must always be main- 
tained to be certain this injury is not missed. Cases of scro- 
tal trauma that require referral for urologic evaluation 
have a 40-60% incidence of testicular rupture.46,48,51 

Scrotal ultrasonography along with the physical exami- 
nation can assist in the diagnosis of testicular rupture. 
Often, however, the ultrasound scan yields equivocal re- 
sults.5! If the mechanisms of injury or the physical find- 
ings are suspicious for a testicular rupture, exploration 
must be undertaken regardless of the ultrasound results. 
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FIGURE 6.16. (A) Sagittal sonogram revealed a focal hypo- 
echoic intratesticular mass (arrow) initially thought to repre- 
sent focal orchitis. (B) After 6 weeks of antibiotic therapy a fol- 


Ultrasound findings in patients with testicular rupture 
are variable (Fig. 6.17). Abnormal testicular parenchyma is 
seen, but it may be difficult to distinguish between a rup- 
ture and a contusion or hematoma.‘8 Discrete disruption 
of the testicular architecture or the tunica albuginea is di- 
agnostic but rarely visualized.47 The presence of a large 
scrotal hematoma can obscure the ultrasound images. 

Testicular ruptures require surgical intervention for 
débridement of the devitalized tubules and closure of 
the tunica albuginea. The goal is to prevent the immedi- 
ate problems of pain and infection as well as the delayed 
sequela of infertility. It is uncertain, however, if repair 
preserves fertility, although hormone production and 
cosmetic appearance are preserved.47 Immediate explo- 
ration is associated with a lower orchiectomy rate than is 
delayed operation.46 Therefore these patients should be 
explored as soon as possible after their initial injury. 

The testicle is explored through a scrotal incision. Ab- 
sorbable sutures are used for closure. Bleeding is con- 
trolled and any hematoma evacuated. A Penrose drain is 
left in place to provide drainage during the immediate 
postoperative period. Blunt scrotal injuries generally do 


Stuart M. Gaynes, Jay B. Hollander, and S. Zafar H. Jafri 


low-up sonogram demonstrated a discrete intratesticular 
sonolucent area. At surgery a liquefied chronic hematoma (H) 
was present. (From Jafri et al.,52 with permission.) 


not require antibiotics, although they are frequently 
used. Patients with penetrating scrotal wounds always 
should be given prophylactic antibiotics.50 


Vascular Injuries 


Injury to the spermatic cord can result in vascular com- 
promise of the testicle, which can result from avulsion of 
the testicle or spermatic cord or a penetrating injury. 
The diagnosis is not in question if the entire testicle is 
avulsed. When there is concern about the blood supply 
to the testicle, color Doppler ultrasonography can help 
determine if the testicular blood flow has been compro- 
mised. 

Patients with compromised blood flow to the testicle 
require immediate surgical exploration. If the vascular 
supply is compressed by a hematoma, the testicle may be 
salvageable. If the testicular blood vessels are transected, 
the testicle can rarely be saved unless sophisticated mi- 
crosurgical techniques are available. If the patient has a 
normal contralateral testicle, these techniques are not 
justified. 


6. Trauma of the Lower Genitourinary Tract 


A 29. 9mm 


FIGURE 6.17. (A) Scrotal ultrasound scan of a patient with a 
traumatic testicular injury. Note the diffuse heterogeneous 
echo pattern secondary to an intratesticular hematoma. (B) 
Different view of the same testicle reveals a distinct fracture 
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Bladder Cancer: 


Clinical Aspects and Management 


Roger B. Watson, Howard J. Korman, and Mark S. Soloway 


Nearly 52,000 new cases of bladder cancer and 10,000 
deaths were reported in the United States in 1994.1 Al- 
though the incidence of bladder cancer has been 
steadily climbing, the 5-year survival, including all dis- 
ease stages, has been improving.! Bladder cancer is het- 
erogeneous, ranging from superficial papillary lesions 
(Fig. 7.1) with little malignant potential to invasive tu- 
mors (Fig. 7.2) that have metastasized at diagnosis. (See 
color insert for figures.) 


Epidemiology 


Bladder cancer is three times more common in men 
than women, and it affects twice as many Whites as 
Blacks.! The most well documented risk factor for blad- 
der cancer is cigarette smoking, to which has been attrib- 
uted up to 45% of urothelial cancers.? Although difficult 
to prove with certainty, occupational exposure (B-naph- 
thylamine, paints, oils, gasoline, zinc, chromium) has 
been associated with 18-40% of bladder cancer cases. 
Those thought to be at “high risk” are printers, painters, 
hair dressers, truck drivers, machinists, and chemical, rub- 
ber, textile, and metal workers.3.4 Other risk factors in- 
clude chronic bladder infection or inflammation, pelvic 
irradiation, and treatment with cyclophosphamide.5 
There is little evidence that links diet to bladder cancer, 
although one study suggested that coffee is a weak car- 
cinogen.6 Artificial sweeteners are at most a weak carcino- 
gen.” Interestingly, one study found that tap water was as- 
sociated with an increased incidence of bladder cancer. 
These reports highlight how ubiquitous carcinogens are 
in our environment and how difficult it is to avoid them.8 


Pathology 


Histopathologic Subtypes 


Most primary bladder tumors arise from the urothelium. 
More than 90% of these tumors are transitional cell car- 


cinoma (TCC), which represents a wide spectrum of dis- 
ease with variable natural history. They include papillary 
and sessile tumors as well as carcinoma in situ (CIS). The 
latter may be confined to the urothelial surface or in- 
vade the lamina propria or muscle. Well differentiated 
superficial papillary tumors rarely present a threat to 
the patient's life, although they may recur frequently. At 
the other end of the spectrum, solid tumors usually in- 
vade and frequently metastasize. Tumor “recurrence” 
may actually be a new occurrence, reflecting a urothelial 
field defect, a true recurrence secondary to tumor cell 
implantation after transurethral resection (TUR), or 
residual tumor after incomplete resection. 

Squamous cell carcinoma represents 3-5% of primary 
bladder tumors in the United States and Europe, com- 
pared to more than 70% of tumors in Egypt, where in- 
fection with schistosomiasis is common.9 In the absence 
of schistosomiasis, most squamous cell carcinomas are 
associated with chronic bladder inflammation and for- 
eign body irritation, frequently with bladder calculi or 
long-standing indwelling catheters. 

Adenocarcinoma of the bladder is also rare, account- 
ing for fewer than 2% of primary tumors. They are often 
mucus-producing and usually arise in association with 
chronic irritation. A specific subgroup of these tumors 
includes urachal adenocarcinomas, which may arise in 
the urachal remnant and involve the dome of the blad- 
der and prevesical tissue with extension toward the um- 
bilicus.10 Other rare histologic types of bladder tumor in- 
clude carcinosarcoma, pheochromocytoma, lymphoma, 
and sarcoma. 


Prognostic Factors 


Many prognostic factors may help predict tumor behav- 
ior and guide treatment for patients with TCC. Stage 
and grade remain the most important factors. The most 
widely used pathologic grading system recognizes grades 
l to 3, corresponding to well differentiated to poorly dif- 
ferentiated tumors, based on the degree of cellular dif- 
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ferentiation.!! Increasing tumor grade is associated with 
a higher risk of recurrence and progression. |? 

Tumor stage refers to the depth of invasion. The major 
staging systems are listed in Table 7.1. The TNM (tu- 
mor/nodes/ metastasis) system is most widely used and 
has been revised by the American Joint Committee for 
Cancer Staging and End Result Reporting (AJC).16 His- 
torically, tumors confined to the mucosa (Ta) and lam- 
ina propria (T1) have been classified as superficial; mus- 
cle-invasive tumors are classified as T2-T3. In general 
there is a correlation between T stage and the risk of re- 
currence, progression, and metastasis. At presentation, 
70% of patients have papillary Ta or T1 bladder cancer; 
only 5-15% of these tumors progress in stage.17,18 

Once the tumor has penetrated the basement mem- 
brane (T1) or muscle (T2-T4), there is an increasing 
likelihood of distant metastases, depending on the depth 
of penetration. The tumor may involve adjacent organs 
(e.g., prostate, uterus, vagina, rectum, small intestine) 
and extend to the pelvic side wall. TCC of the prostate is 
present in approximately 40% of men with invasive blad- 
der cancer.!9 It may be the result of direct extension 
from a bladder tumor or, more likely, a manifestation of 
the multifocal nature of TCC (the epithelial lining of the 
prostate is a continuation of the transitional bladder ep- 
ithelium). Accurate assessment of the depth of prostatic 
invasion is an important component when determining 
the appropriate management for men with TCC. Coexis- 
tent adenocarcinoma of the prostate is present in 40% of 
men undergoing cystoprostatectomy for invasive TCC.20 

Distant metastasis may occur via the lymphatic or vas- 
cular systems. The regional lymphatics include the para- 
vesical, obturator, and external iliac lymph nodes. The 
most common sites of distant metastases are liver, lung, 
and bone. Approximately 25% of patients with muscle- 
invasive disease have occult or identifiable metastasis at 
the time of diagnosis.2! 

In addition to pathologic grade and stage, many other 
factors can help assess the risk of recurrence and pro- 
gression. Tumor size and multiplicity and the presence 


TABLE 7.1. Staging systems for bladder cancer. 
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of recurrence at 3 months after the initial treatment are 
significant. Various erythrocyte surface antigens, chro- 
mosomal abnormalities, and many biochemical cellular 
markers have been identified that help predict tumor re- 
currence.¢2 


Presentation 


Patients most commonly present with painless hema- 
turia, either gross or microscopic. The bleeding may be 
intermittent, so one should not be lured into a sense of 
false security by the spontaneous disappearance of 
bleeding. Irritative voiding symptoms, including fre- 
quency, urgency, and dysuria, occur and are often associ- 
ated with CIS. This constellation of symptoms, however, 
may also occur with benign entities, such as urinary tract 
infection, prostatism, and prostatitis. Patients with re- 
gional or distant metastatic disease may present with 
constitutional symptoms, such as decreased appetite, 
weight loss, malaise, lymphedema, renal insufficiency, or 
abdominal or flank pain. 


Diagnosis 


When a clinical diagnosis of bladder tumor is suspected, 
the initial investigation consists of urine cytology and 
lower urinary tract endoscopy. The development of flexi- 
ble cystourethroscopy has allowed diagnostic endoscopy 
to be performed safely in an office setting with improved 
patient comfort.23 It allows thorough endoscopic assess- 
ment of the entire urethra, including the prostatic ure- 
thra in men, and the entire urinary bladder. Papillary and 
well circumscribed bladder tumors are easily recognized. 
Areas of CIS may appear only as red areas on the mucosa. 
However, urine cytology (a voided or saline barbotage 
specimen) is usually positive for malignant cells and indi- 
cates the need for biopsy under anesthesia.24 Synchro- 
nous upper urinary tract urothelial tumors occur in 2-5% 


Tumor extent 


Jewett & Strong?’ (1946) 


Marshall!4 (1952) TNM-UICC!> (1987) 


No tumor in definitive specimen — 
Carcinoma in situ — 
Papillary tumor without invasion A 
Invasion of lamina propria A 
Superficial muscle invasion B 
Deep muscle invasion B 
Invasion of perivesical fat C 
Invasion of prostate, vagina, uterus — 
Fixed to pelvic/abdominal wall — 
Pelvic lymph nodes — 
Lymph nodes above aortic bifurcation — 
Distant metastases — 


0 TO 
0 Tis 
0 Ta 
A Tl 
Bl T2 
B2 T3a 
C T3b 
D1 T4a 
D1 T4b 
D2 N1-3 
D2 N4 


D2 M1 
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TABLE 7.2. Most commonly used intravesical chemotherapeutic agents with molecular weights, mechanism of 
action, most common dosages, and complete response rates. 


Agent MW (kDa) Mechanism Dosage CR (%) 
Thiotepa 189 Alkylating agent 30 mg/30 ml HO (weekly X 8 weeks) 30 
Mitomycin C 329 Antitumor antibiotic 20-40 mg in 20-40 ml HO (weekly X 8 weeks) 50 
Doxorubicin 580 Intercalating agent 30-50 mg in 30 ml H2O (weekly X 8 weeks) 40 


MW = molecular weight; CR = complete response. 


of patients.25 Hence radiologic assessment of the upper 
urinary tract at the time of diagnosis is essential. 

After endoscopic visualization of a bladder tumor, 
the histopathologic diagnosis and initial treatment are 
achieved by TUR of the tumor. TUR is performed 
preferably under regional anesthesia to allow adequate 
bladder and pelvic floor relaxation. Complete endo- 
scopic resection of the tumor using a loop diathermy 
electrode is attempted unless there is obvious extra- 
vesical extension. The specimen is retrieved for 
histopathologic examination, including samples at the 
tumor base to assess invasion. Areas of abnormal-ap- 
pearing mucosa are biopsied, as CIS commonly coex- 
ists with high grade tumors.26 In men a loop biopsy of 
the prostatic urethra is performed if there is a high 
grade bladder tumor.!9 Hemostasis is achieved using 
electrocautery. A urethral catheter is placed for blad- 
der drainage and irrigation as needed. Bimanual ex- 
amination under anesthesia is an important adjunct to 
local staging, and the presence of a mass or bladder 
wall fixation is noted. 


Treatment of Superficial TCC 


Intravesical Therapy 


The high incidence of a subsequent tumor after initial 
TUR, whether a true recurrence or a new occurrence, 
has led to the use of intravesical instillation of antineo- 
plastic agents. This form of treatment can be used either 
therapeutically, to eradicate residual tumor after an in- 
complete TUR, or prophylactically after all visible tumor 


has been resected and urinary cytology, if performed, 
is negative. Intravesical therapy can be subdivided into 
chemotherapy, including thiotepa, mitomycin C, and 
adriamycin (Table 7.2) and immunotherapy, including 
bacille Calmette-Guérin (BCG) and interferons. The de- 
cision to use intravesical treatment depends on numer- 
ous factors, including tumor stage, grade, size and multi- 
plicity, the presence of CIS or positive urinary cytology, 
the side effects profile of each agent (Table 7.3), and 
other patient-specific factors (Table 7.4). Economic fac- 
tors may also play a part in the decision process. 

The ideal intravesical agent has an antitumor effect 
against TCC and limited systemic and local toxicity. The 
systemic toxicity associated with intravesical therapy is 
due to drug absorption. Factors associated with in- 
creased absorption include the low molecular weight of 
the instilled drug, the temporal relation with the TUR, 
and the extent of resection. Local toxicity with intravesi- 
cal therapy is frequent and usually consists in irritative 
voiding symptoms or hematuria.?”7 Delaying the initia- 
tion of intravesical therapy for 10 days or more after re- 
section allows healing of the resected urothelium and 
may lessen the local side effects. 

Recommended dosages, administration schedule, and 
duration of intravesical therapy have varied and are 
largely based on empiric data. The most commonly rec- 
ommended dosages for intravesical chemotherapeutic 
agents are listed in Table 7.2. For BCG immunotherapy, 
the exact number of colony-forming units (cfu) varies 
depending on which of the numerous effective BCG sub- 
strains is given (range 2 X 108 to 10 X 108 cfu).27 Intra- 
vesical chemo- and immunotherapeutic agents are most 
commonly instilled weekly for 6 weeks. 


TABLE 7.3. Side effects of most commonly used intravesical agents. 


Agent 


Thiotepa Myelosuppression, cystitis 
Mitomycin C 
Doxorubicin Cystitis, bladder contracture 


BCG 


Side effects 


Cystitis, contact dermatitis, bladder contracture 


Cystitis, hematuria, fever, sepsis, granulomatous prostatitis, pneumonitis, hepatitis 
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TABLE 7.4. Indications for intravesical therapy. 


Cumulative tumor size > 5 cm 

Multiple tumors 

Multiple recurrences 

Stage T1 or high grade transitional cell carcinoma 
Carcinoma in situ or positive cytology 

Incomplete tumor resection 


Patients who receive intravesical therapy should be 
monitored for response, including endoscopy and blad- 
der wash cytology. Appropriate endpoints include recur- 
rence, time to recurrence, progression in grade or stage, 
and time to progression. Patients are monitored for re- 
sponse 3 months after initiation of treatment. A com- 
plete response to treatment is defined as no tumor on 
endoscopy, negative cytology, and negative bladder biop- 
sies. Anything less than a complete response is consid- 
ered a treatment failure, as partial responders have the 
same incidence of progression as nonresponders.?8 
Complete response rates range from 30% to 50% for in- 
travesical chemotherapy (Table 7.2) and approximately 
60% for BCG.27 

If any question exists as to the persistence of tumor, re- 
section or biopsy is performed. In the face of a positive 
biopsy or cytology after intravesical treatment, it is less 
likely that another course with the same agent will be ef- 
fective, and an alternative treatment should be used. 
BCG may be an exception, as a second 6-week course is 
beneficial in some instances.29,30 The stage and grade of 
the tumor recurrence ultimately determine future treat- 
ment (e.g., cystectomy, TUR alone).3! 


Recommendations 


Bacille Calmette-Guérin plus TUR has been shown to be 
more beneficial than TUR alone for patients with high 
grade Ta and T1 TCC. Furthermore, one study demon- 
strated that BCG prolonged the interval to progres- 
sion.32 BCG or mitomycin C (MMC) appears to be the 
agent of choice for CIS. 

For recurrent, low grade Ta tumors, the optimal treat- 
ment is less clear. The likelihood of progression to mus- 
cle invasion is low (< 5%). We recommend either no ad- 
juvant therapy or intravesical chemotherapy. In this 
situation the role of intravesical chemotherapy is to pro- 
long the tumor-free interval and decrease the cost and 
morbidity of frequent surgical procedures. Some studies 
show no significant difference between BCG and 
chemotherapy for low grade, low stage disease.33 How- 
ever, as shown in Table 7.3, the side effect profile of 
chemotherapy is more favorable. Hence we do not sug- 
gest BCG for grade 1 TCC. 

For grade 2 or 3 Ta tumors treatment should be indi- 
vidualized based on the recurrence pattern. Either BCG 
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or intravesical chemotherapy after TUR is appropriate in 
these situations. If intravesical chemotherapy is used first 
and fails, BCG is a reasonable next step. If a patient were 
to fail a course of BCG, a second 6-week course could be 
considered, which may help avoid the morbidity of cys- 
tectomy in a subgroup of patients. Yet this delay may al- 
low disease progression. Herr et al. reported a series of 
61 patients with high grade superficial bladder cancer 
who were initially treated with BCG. During a follow-up 
ranging from 10 to 13 years, 12 patients (20%) died of 
metastatic urothelial cancer.34 Thus in many cases, de- 
spite diligent follow-up, the disease does progress and 
patients die of bladder cancer. 


Partial and Radical Cystectomy 


With the current efficacy of quality endoscopic instru- 
ments and multiple intravesical agents, most patients 
with Ta and T1 TCC do not require radical surgery. The 
indications for cystectomy for superficial disease include 
persistent or recurrent high grade tumor, or progression 
to bladder muscle or prostatic stromal/ductal invasion. 
Cystectomy should also be strongly considered when 
pathologic understaging is suspected. Hydronephrosis 
associated with a bladder tumor usually indicates muscle 
invasion. Staging error rates as high as 55% have been 
reported for T2 tumors.21,35 

Partial cystectomy has a limited role. There is a sub- 
group of superficial tumors for which it may be consid- 
ered, such as a tumor within a bladder diverticulum. Di- 
verticulectomy should be performed with care to obtain 
adequate surgical margins and avoid tumor spillage. 


Invasive TCC 


Radical Cystectomy 


Treatment options for patients with muscle-invasive TCC 
include radical cystectomy with urinary diversion, blad- 
der preservation using chemotherapy and irradiation, or 
combinations of treatment modalities. When performed 
as primary therapy, the local recurrence rate following 
radical cystectomy is 10%. The 5-year survival after cys- 
tectomy approximates 50% for tumors confined to the 
bladder (<P3a) and 25% for those with extravesical ex- 
tension (2P3b).36 Some have reported 5-year survival at 
20% or more for patients with low volume lymph node 
metastases after radical cystectomy.?1,36,37 

In the male patient cystectomy should be considered, 
with concurrent urethrectomy if there is multifocal blad- 
der CIS or tumor in the prostatic urethra. This proce- 
dure may preclude orthotopic urinary reconstruction to 
the urethra, although some suggest that it is not an ab- 
solute contraindication with limited prostatic urethral 


7. Bladder Cancer 


involvement. In women, urethrectomy is always per- 
formed unless an orthotopic neobladder is considered. 
Cystoprostatectomy is recommended for most cases of 
TCC involving the prostatic ducts or stroma.38 Concur- 
rent urethrectomy is recommended because there is a 
30-50% risk of urethral recurrence.39 The prognosis for 
urethral involvement relates to disease stage, with high- 
stage lesions being associated with poor outcome.40 


Urinary Diversion 


After cystectomy a new route of urine drainage must be 
devised. The ileal conduit, first described in 1950,41 has 
replaced the ureterosigmoidostomy as the gold standard 
for urinary diversion. However, innovations in urinary 
diversion are frequently being described. Despite the 
various names that have been assigned, diversions can be 
classified most simply as continent or incontinent. In- 
continent diversions, such as the ileal conduit, require 
an ostomy. Continent diversions may be brought out 
through the abdominal wall as a catheterizable stoma or 
may be anastomosed directly to the urethra as an ortho- 
topic neobladder. Furthermore, the ureterointestinal 
anastomosis may be constructed in a manner that at- 
tempts to prevent reflux of urine to the kidneys. 

The decision as to which form of diversion depends on 
multiple factors. Most important are the patient's age, 
overall health status, tumor stage, dexterity, motivation, 
and self-perception. Each form of diversion has its own 
set of risks and benefits. The most common complica- 
tions for continent and incontinent diversions are listed 
in Table 7.5. Generally speaking, the ileal conduit is easi- 
est to perform, yields reasonable protection of the upper 
tracts in adults, and is rarely associated with renal fail- 
ure.42 The major disadvantage of the ileal conduit com- 
pared to continent diversion is the need to wear an ex- 
ternal appliance. For elderly patients and patients with 


TABLE 7.5. Complications of ileal conduit and continent 
diversion 


Ileal conduit 
Parastomal hernia 
Stomal stenosis 
Ureterointestinal anastomotic stricture 
Urinary tract infection/pyelonephritis 
Renal calculi 
Metabolic complications 


Continent diversion 
Mucus retention 
Stomal stenosis 
Ureterointestinal anastomotic stricture 
Urinary tract infection/ pyelonephritis 
Reservoir and renal calculi 
Metabolic complications 
Nocturnal urinary incontinence 
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limited dexterity, the ileal conduit remains the urinary 
diversion of choice. 

Continent diversions use detubularized bowel to 
achieve a low pressure reservoir, which combined with 
an antireflux ureterointestinal anastomosis, help pre- 
serve renal function. No external appliance is needed. If 
the stoma is cutaneous, catheterization is necessary every 
4-6 hours. If the reservoir is constructed as a neoblad- 
der, the patient is often able to void via the Valsalva ma- 
neuver, but catheterization may also be necessary. Disad- 
vantages for continent diversion relative to the standard 
ileal conduit are as follows: (1) the operation is techni- 
cally more demanding; (2) a longer intestinal segment is 
necessary for reservoir construction; (3) the patient 
must be highly motivated, dexterous, and compliant; 
(4) there is mucous retention; (5) diarrhea and fat mal- 
absorption occur if the ileocecal valve is resected; and 
(6) there is a higher reoperation rate. Nocturnal inconti- 
nence can be troublesome following construction of a 
neobladder. Patients with a creatinine level of 2.5 mg/dl 
or more are usually excluded, as they are at high risk of 
developing chronic metabolic acidosis. 


Chemotherapy 


Despite current staging modalities, including computed 
tomography (CT) and magnetic resonance imaging 
(MRI), understaging is frequent. Disease progression 
with distant metastases remains a major problem follow- 
ing definitive local treatment. Although pelvic recur- 
rence is uncommon after radical cystectomy, metastases 
occur in 30-50% depending on the pathologic T stage. 
Because TCC was shown to be responsive to chemother- 
apy, notably cisplatin,43-45 the concept of combining 
multiagent chemotherapy with local treatment has 
emerged to improve long-term outcome. It has the goal 
of treating micrometastases, which account for failure af- 
ter local treatment. Chemotherapy has been used in 
both neoadjuvant and adjuvant settings. The combina- 
tion of methotrexate, vinblastine, adriamycin, and cis- 
platin (MVAC) has been the regimen of choice, al- 
though other trials have used Taxol. MVAC is associated 
with significant side effects in 5-10% and a recognized 
mortality risk of 1%. Numerous clinical trials have exam- 
ined the role of MVAC in both the neoadjuvant and ad- 
juvant settings.45 -47 

The rationale for adjuvant chemotherapy includes the 
advantage of knowing the pathologic stage of the tumor. 
It does not delay surgery, and because a urinary diver- 
sion is in place, with relief of any ureteral obstruction, re- 
nal function is optimized. In comparison, neoadjuvant 
treatment delivered prior to definitive surgery or irradi- 
ation is given without pathologic staging information 
and delays surgery. Renal impairment may be a problem 
if there is ureteric obstruction. Neoadjuvant protocols 
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have the advantage of being able to assess the chemosen- 
sitivity of the tumor while the primary lesion remains. 
Neoadjuvant treatment for locally advanced disease has 
the potential to downstage the tumor preoperatively and 
improve operability. 

Unfortunately, despite the numerous clinical trials, 
neither neoadjuvant nor adjuvant treatment has been 
shown to improve survival for patients with TCC of the 
bladder.48-52 A large number of the studies have been 
flawed by problems with study design and a high 
dropout rate for patients receiving chemotherapy. At this 
time adjuvant chemotherapy is usually reserved for pa- 
tients with lymph node metastases and young patients 
with T3b TCC. 


Bladder Preservation 


Since the development of multiple-agent chemotherapy 
with some efficacy for treating advanced bladder cancer, 
its use has been proposed as an option for local control, 
with the aim of bladder preservation. The morbidity of 
radical cystectomy, despite the development of continent 
diversion, has led many investigators to pursue such op- 
tions. Current regimens combine multiagent chemo- 
therapy with endoscopic tumor resection and radiation 
therapy.53 Such therapy has taken many forms in numer- 
ous trials, and the results have been variable. 

External beam radiation has historically been used, 
particularly in Europe, as “definitive” treatment for inva- 
sive bladder cancer.54,55 Its major problems are a lack of 
radiosensitivity leading to disease persistence and a high 
rate of local recurrence even when initially effective. In 
view of these problems, radiation therapy alone has not 
been widely accepted as definitive treatment. 

Current preservation protocols involve induction mul- 
tiagent chemotherapy followed by radiation therapy to 
consolidate the response. Radical cystectomy is utilized 
as a salvage option for nonresponders or delayed fail- 
ures. This option has obvious benefits for quality of life, 
as bladder function is usually well maintained. However, 
the disadvantages continue to be the lack of accurate 
pathologic staging of both the local tumor and regional 
lymph nodes, together with a significant risk of local fail- 
ure.96 


Metastatic Disease 


The prognosis for metastatic transitional cell carcinoma 
remains poor. Multiagent chemotherapy achieves com- 
plete remissions in approximately 20% of patients and 
has palliative benefit for most patients. Many agents 
have been assessed, but those most effective appear to 
be, when used in combination, methotrexate, vinblas- 
tine, adriamycin, and cisplatin (MVAC).43.45 This combi- 
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nation has achieved the best response rates with the 
most durable survival. Cure is rare, and the median sur- 
vival is approximately 12 months.43 Survival is often de- 
pendent on the volume of disease, with slightly improved 
survival for pelvic nodal metastasis and significantly 
worse survival for visceral metastases, particularly the 
liver. 

Cardiac and kidney toxicity may be significant with 
this regimen and often requires dose modulation in pa- 
tients with advanced bladder cancer. Urinary diversion, 
either operative or via percutaneous drainage, may be 
necessary if ureteric obstruction is contributing to renal 
impairment. 

Many new regimens are being assessed in an attempt 
to improve response rates, including the use of hema- 
topoietic growth factors, dose escalation, intraarterial de- 
livery, and the use of new agents such as gallium nitrate 
and the taxanes. At this time, the management of meta- 
static bladder cancer remains palliative. 


Palliation 


Multiagent chemotherapy remains the mainstay of palli- 
ation of both distant and locally recurrent bladder can- 
cer. Loss of local control resulting in persisting hema- 
turia or bladder pain, with incontinence, can be a 
problem. Urinary diversion alone or diversion with cys- 
tectomy in medically fit patients often achieves the best 
palliative result. Other options include palliative radia- 
tion therapy, hypogastric artery embolization, or TUR of 
the tumor. 


Follow-up 


Superficial TCC 


Because 30-80% of tumors recur, close follow-up is im- 
portant for diagnosing and treating a recurrence or new 
occurrence early. Flexible endoscopy and urinary cytol- 
ogy (for high-grade disease) are essential. Historically, 
endoscopy has been performed at 3-month intervals and 
then tailored according to the recurrence pattern. The 
disease status at the initial 3-month cystoscopy is impor- 
tant for predicting future tumor behavior and has be- 
come the basis of follow-up protocols.57.58 Other factors 
affecting the frequency of cystoscopy include tumor size, 
number, histologic grade and stage, urine cytology, and 
DNA ploidy. 

The duration of endoscopic follow-up for patients free 
of recurrence for many years has been debated. Recur- 
rence risks of 43%, 22%, and 2% after tumor-free inter- 
vals of 2, 5, and 10 years, respectively, have been re- 
ported by Morris et al.59 In the same series, no patient 
had a recurrence after remaining tumor-free for 12 
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years. No patient free of recurrence for 2 years pro- 
gressed to muscle invasion or metastases. 

The frequency of radiologic follow-up depends on the 
individual’s risk of developing upper urinary tract tu- 
mors. This risk varies from 0.5% with low-grade bladder 
tumors60,.61 to 15% with CIS.62 Accordingly, intravenous 
pyelography should be performed every 2-5 years. 


Invasive TCC 


Follow-up after bladder-preserving therapy with chemo- 
therapy, irradiation, or both requires close monitoring 
of the lower tract urothelium. New tumors can develop, 
and local recurrence is common, approximating 60% .56 
Careful monitoring with cystoscopy, cytology, and blad- 
der biopsy as indicated are essential. 

For bladder preservation and after cystectomy with di- 
version, surveillance of the remaining urothelium in- 
cluding the urethra and upper tract is necessary. Ure- 
thral washings have been shown to accurately detect 
urethral recurrence, which is most common during the 
first 2-3 years after surgery.63 Monitoring the upper 
tract includes a serum creatinine assay and a yearly IVP. 
A loopogram may be performed when patients have an 
elevated creatinine level or contrast allergy. A loopo- 
gram may provide important anatomic information in 
the setting of obstruction. Antibiotic prophylaxis is rec- 
ommended because of the risk of pyelonephritis or 
urosepsis with this study. 

Pelvic recurrences are most common during the first 2 
years after surgery. Some recommend pelvic CT every 
6-12 months during this period.64 Surveillance for sys- 
temic progression should include regular chest radi- 
ographs and liver function tests. Electrolyte profiles and 
vitamin By,» levels should be monitored periodically to 
rule out metabolic complications. 
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Magnetic Resonance Imaging 
of Urinary Bladder Carcinoma 


Jelle O. Barentsz 


Carcinoma of the urinary bladder is one of the most 
common malignant tumors of the urinary tract in men 
and women and represents 2% of all malignancies. In 
1993 in the United States, 52,300 cases were registered. 
The number increases with the aging of the population, 
with 9,900 deaths, as bladder cancer is predominantly 
seen in elderly men. The male/female ratio is 3:1. 

About 85% of urinary bladder malignancies are transi- 
tional cell carcinoma. Another 10% are squamous cell 
carcinoma and adenocarcinoma, and the remaining 5% 
include predominantly sarcomas and metastases from 
other primary tumors. About two-thirds of the tumors 
are superficial and usually of the papillary type. One- 
third of the tumors show infiltration in or beyond the 
muscular layer of the bladder wall. 

The treatment and prognosis are largely determined 
by depth of tumor infiltration, the degree of lymph 
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node and distant metastases, and the histologic tumor 
type.! Therefore exact staging is imperative. To deter- 
mine local tumor extension (T), the presence of lymph 
node metastases (N), and distant metastases (M), the 
Union Internationale Contre le Cancer (UICC) pro- 
posed a uniform clinical staging method (Fig. 8.1, Table 
8.1).3 The American, Jewett-Strong classification is also 
presented here in Table 8.1.1.3.4 

As clinical staging does not reliably determine tumor 
extension beyond the bladder wall,45 other methods are 
needed. Computed tomography (CT) was a valuable 
modality, but since the introduction of pelvic magnetic 
resonance imaging (MRI) in 1983 several reports have 
attested to its superiority for staging urinary bladder car- 
cinoma.6 -20 

The role of MRI in diagnosing carcinoma of the uri- 
nary bladder is reviewed here, and MR images of the 
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FIGURE 8.1. Depth of penetration according to 
the TNM system of staging bladder carcinoma. 
(From Barentsz et al.,2 with permission.) 
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TABLE 8.1. Comparison of Jewett-Strong staging system!,3 and TNM classification.3 


Histopathologic findings 


Papillary tumor, confined to epithelium (= mucosa) 

Tumor invades subepithelial connective tissue (= lamina propria) 
Tumor invades superficial muscle (inner half) 

Tumor invades deep muscle (outer half) 


Tumor invades surrounding organs 


Jewett-Strong TNM 
0 TO No tumor 
0 Tis Carcinoma in situ 
0 Ta 
A Tl 
Bl T2 
B2 T3a 
C T3b Tumor invades perivesical fat 
D1 T4a 
D1 N1-3 Pelvic lymph node metastases 
D2 Ml Distant metastases 
D2 N4 


From Barentsz et al.,2 with permission. 


normal urinary bladder and carcinoma are shown. Pa- 
tient handling, the choice of pulse sequences, and con- 
trast agents are discussed. The role of MRI in staging uri- 
nary bladder carcinoma is evaluated and compared with 
clinical staging, intravesical sonography, and CT scan- 
ning. Finally, future developments, such as new se- 
quences, the role of surface coils, and MRI-guided 
biopsy are considered. 


MRI Anatomy of Urinary Bladder 
and Bladder Carcinoma 


Magnetic resonance images provide excellent insight 
into the anatomy and pathology of the urinary bladder. 


FIGURE 8.2. Patient with two papillary superficial (stage T1) 
transitional cell carcinomas (TCC). (A) Angulated Tl-weighted 
3D MP-RAGE image. Tumors (arrows) and bladder have equal 
signal intensity. Urine has lower signal intensity; therefore en- 
doluminal (papillary) tumor component is visible. (B) T2- 


Lymph node metastases above the bifurcation 


The bladder wall consists of four layers: (1) mucosa or 
epithelium; (2) lamina propria or subepithelial connec- 
tive tissue; (3) muscle layer; and (4) serosa (Fig. 8.1). On 
proton-density weighted images, the mucosa and the 
lamina propria can sometimes be distinguished from the 
muscle layer because the mucosa and lamina propria 
have a higher signal intensity.16,20-24 Even on MR images 
of a cystectomy specimen, the mucosa and lamina pro- 
pria cannot be distinguished.16 The muscle layer consists 
of bundles of smooth muscle tissue and has an interme- 
diate signal intensity equal to that of skeletal muscle on 
Tl-weighted images and a low signal intensity on T2- 
weighted images (Fig. 8.2). According to Narumi et al.,25 
the muscular wall consists of two layers. The muscle 
fibers of the outer layer are looser and interspersed with 
loose collagen fibers, blood vessels, and adipose tissue. 


weighted high resolution turbo SE image in a plane identical to 
that of (A). Tumors (arrows) have higher signal intensity than 
did the wall. The low signal intensity of the line of the wall 
shows no disruption, which argues for a superficial tumor. 
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FIGURE 8.3. Patient after TUR with bladder wall hypertrophy 
caused by medial prostatic lobe hypertrophy (ml). (A) Sagittal 
in vivo T2-weighted SE image showing low signal intensity of 
the inner muscle layer and high signal intensity of the outer 
layer (small arrows). Plica interureterica can also be recog- 
nized (curved arrow). As a result of previous transurethral re- 
section, local hypertrophy and fibrosis (open arrow) are visi- 
ble. (B) In vitro T2-weighted SE image. The signal difference 
between the inner and outer (small arrows) layers is promi- 
nent. Plica (curved arrow) and local fibrosis/hypertrophy 
(open arrow) have low signal intensity. (C) Resected specimen 
showing the plica (curved arrow) and hypertrophy/fibrosis 
(open arrow). A = anterior; P = posterior; C = cranial. 
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Therefore on T2-weighted in vitro images the signal in- 
tensities of the outer bladder wall are higher (Fig. 8.3). 
However, these findings have been reported on in vivo 
MR images only in cases of bladder wall hypertrophy 
(Fig. 8.3A). At the site of the trigone the wall consists of 
an extra triangular layer of muscle. Bundles from this 
layer link the ureteric ostia, forming the interureteric 
ridge. The serosa is not a bona fide layer, as the term 
serosa is synonymous with peritoneal covering, which in 
fact is in contact with the bladder only at the dome, just a 
small part of the entire bladder surface. This “layer” is 
too thin to be recognized on MR images. 

On Tl-weighted images, the urine has a low signal 
intensity, whereas the perivesical fat has a high signal 
intensity. As urinary bladder carcinomas have an inter- 
mediate signal intensity equal to that of muscle, T1- 
weighted images are used to determine tumor infiltra- 
tion in the perivesical fat (Fig. 8.4) and to show the en- 
doluminal tumor component (Fig. 8.2A). Tl-weighted 
images are also suitable for imaging lymph nodes, 
which have a signal intensity lower than that of the sur- 
rounding fatty tissue. Normal and abnormal lymph 
nodes show no difference in signal intensity on these 
images; hence a normal lymph node on MR images 
can be defined only by its size. To determine this size 
accurately, the maximal long axis and axial diameter 
should be measured. The axial diameter is defined in 
a plane perpendicular to the long axis through the 
thickest part of the node. An index can be calculated 
from these measurements: the axial diameter divided 


FIGURE 8.5. Patient with infiltrative TCC (stage T3b) with 
nodal metastases. (A) Coronal Tl-weighted 3D MP-RAGE im- 
age shows bilaterally enlarged lymph nodes (arrows). (B) MPR 
reconstruction of the plane through the longitudinal nodal 
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FIGURE 8.4. Patient with sarcomatous degenerated TCC invad- 
ing perivesical fat (stage T3b) and seminal vesicle (stage T4a). 
On axial T2-weighted 3D MP-RAGE image. The bladder is 
completely replaced by tumor, which has lower signal intensity 
than perivesical fat. Therefore invasion can be depicted (ar- 
rows). Invasion of the left seminal vesicle is also present 
(curved arrows). 


axis. The image plane, presented by the white line in (A), 
shows two enlarged nodes (arrows). The longitudinal size of 
the large nodes is 22 mm; the axial diameters are 12 and 11 
mm, respectively, measurements that are pathologic. 
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FIGURE 8.6. Patient with infiltrative TCC (stage T3a) and nodal 
metastases. (A) Tl-weighted 3D MP-RAGE image through the 
longitudinal axis of the round enlarged node (arrows). (B) Im- 
age perpendicular to longitudinal axis. The image plane of 
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(B) is presented by long arrows in (A). This axis facilitates 
three-dimensional evaluation of the nodal size (10 X 9 x 9 
mm). Index = 0.9, which argues for a round node. In this 
round node the minimal axial size of 9 mm is pathologic. 


B 


FIGURE 8.7. Patient with TCC and deep muscle invasion (stage T3a). On axial (A) and coronal (B) high resolution turbo-SE im- 
ages the low signal intensity line of the wall is disrupted at the site of the tumor (arrows), which argues for deep muscle invasion. 
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by the long axis. Lymph nodes are considered to be 
pathologically enlarged when (1) the index is more 
than 0.8 with a shortest axial diameter of 8 mm or 
more (being round nodes); or (2) the index is less 
than 0.8 with a shortest axial diameter of 10 mm or 
more. An asymmetric cluster of small lymph nodes is 
also considered pathologic (Figs. 8.5, 8.6).20 Bone mar- 
row metastases have a signal intensity equal to that of 
the primary tumor and thus are best recognized on T1- 
weighted images, on which there is good contrast be- 
tween these metastases and the surrounding fatty bone 
marrow. 

On T2-weighted images the perivesical fat has a low or 
a high signal intensity depending on the type of se- 
quence used. Urine has a high signal intensity. The zonal 
anatomy of the prostate or uterus and vagina can be well 
recognized on these images. The tumor has an interme- 
diate signal intensity higher than that of the bladder wall 
or late fibrosis and lower than that of urine (Fig. 8.2). 
These images are used to determine depth of tumor in- 
filtration in the bladder wall (differentiation between 
stages T2 and T3a) (Fig. 8.7), to differentiate tumor 
from late fibrosis, to assess invasion into the prostate 
uterus or vagina, and to confirm bone marrow metas- 
tases seen on Tl-weighted images. 


Aspects of MR Imaging 


Several factors must be considered when trying to opti- 
mize MR images of the urinary bladder, urinary bladder 
carcinoma, and its metastases. These factors are related 
to both patients and technique. 


Patient-Related Factors 


A number of patient-related factors are important for 
optimal MR imaging of the urinary bladder. The most 
important are motion artifact reduction and the degree 
of bladder distention. 

Voluntary motion artifacts can be reduced by making 
the patient feel at ease. Sedatives may be effective in 
claustrophobic patients.26 Involuntary motion artifacts 
are caused by respiration, intestinal peristalsis, and blad- 
der motion. To reduce bowel motion, patients can be 
given 0.5 ml of glucagon intravenously before the exami- 
nation and 1.5 ml by a drip infusion during the examina- 
tion.16,20,27 To reduce respiration movements, an ad- 
justable belt can be wrapped around the abdomen to 
cause slight compression. 

Optimal bladder distention is important. In a bladder 
that is not sufficiently distended the detrusor muscle is 
thickened, which makes it difficult to recognize small tu- 
mors. If the bladder is too full, the patient becomes rest- 
less. Flat tumors can be missed because of overstretching 
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of the bladder wall. Optimal bladder filling can be 
achieved by asking the patient to void 2 hours before the 
examination and then not again until completion of the 
MRI examination. 


Technique-Related Factors 


Magnetic field strength, selection of appropriate pulse 
sequences, use of surface coils, and administration of 
contrast agents must be considered when trying to opti- 
mize MR images of the urinary bladder. 


Field Strength 


Field strengths varying from 0.02 to 1.50 tesla (T) have 
been used.6-18,28-30 Imaging at high field strengths has 
certain advantages, such as higher signal/noise ratios 
and allowing the use of thin slices and ultra-fast scanning 
techniques. Disadvantages are higher costs, stronger 
chemical shift artifacts, and lower T1 contrast. In gen- 
eral, the reported results of staging using different field 
strengths are comparable.7-19,28-31 


Pulse Sequences 


For staging urinary bladder cancer, both Tl- and T2- 
weighted images must be used.6-20,28-31 For T1-weighted 
sequences conventional two-dimensional spin echo (2D 
SE), two- or three-dimensional gradient echo (2D or 3D 
GRE), fast single-slice magnetization-prepared GRE 
(MP-RAGE), or 3D MP-RAGE sequences can be selected. 
Advantages of the 2D SE sequences are good image qual- 
ity and reduced sensitivity to susceptibility and motion 
artifacts. A disadvantage is the fairly long acquisition 
time. With these sequences, 12 images in one plane can 
be obtained in about 5 minutes. Advantages of the 2D 
and 3D GRE sequences include the short acquisition 
time with good resolution (Fig. 8.8): 32 images can be 
obtained in 1.5 minutes. Disadvantages include the high 
sensitivity to susceptibility and motion artifacts. Fast MP- 
RAGE sequences can be used to acquire dynamic infor- 
mation about enhancement patterns of tumor and nor- 
mal structures (Fig. 8.9). However, with this sequence 
type, dynamic information can be obtained with a time 
resolution of one image per second only at a single slice. 
Also, MP-RAGE sequences can be used as a fast three- 
dimensional sequence. With these 3D MP-RAGE se- 
quences, three-dimensional information of the entire 
pelvis can be obtained in 9 minutes, permitting recon- 
struction of high-resolution, ultrathin (1.2 mm thick) 
images in any orientation. These images result in good 
visualization of the local tumor extension (Fig. 8.10), 
nodal size, and bone marrow metastases (Figs. 8.5, 8.6). 
Compared with conventional Tl-weighted SE sequences, 
this sequence allows better tumor staging, better nodal 
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staging, and better depiction of small pelvic bone mar- 
row metastases. Reported improvement of staging accu- 
racy ranged from 78% to 93%.20 

For T2-weighted imaging, two-dimensional conven- 
tional SE, fast SE, or GRE sequences are used. Conven- 
tional SE sequences provide good T2 contrast, but the 
acquisition time is long (about 10 minutes). Fast or 
turbo SE sequences produce high-resolution images with 
a three- to fivefold reduction of examination time com- 
pared with conventional SE sequences.3132 An image 
with a 10242 resolution can be acquired in 5 minutes 
(Fig. 8.11). At the moment, fast SE sequences are consid- 
ered state of the art for obtaining T2-weighted images of 
the pelvis. The use of fast SE sequences to obtain proton 
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FIGURE 8.8. Patient with two papillary superficial TCCs (stage 
Tl, same patient as Fig. 8.2). (A) Precontrast coronal T1- 
weighted GRE image shows papillary tumors (arrows). (B) 
Identical postcontrast Tl-weighted image tumor (thick arrows) 
and surrounding mucosa (thin arrows) show more enhance- 
ment than the bladder wall. (C) On a subtraction image the 
situation can be better appreciated (enhancement is displayed 
in black). No enhancing tumor in the muscle layer of the blad- 
der wall is visible, which argues for a stage T1 tumor. 


density images is limited,32 but these images are espe- 
cially helpful for delineating inflamed bladder mucosa. 
Another limitation of the T2-weighted fast SE sequences 
is the high signal intensity of the fat. This problem can 
be solved by adding fat saturation. GRE sequences can 
also be used for T2-weighted imaging of the bladder; dis- 
advantages are that they provide T2* instead of T2 con- 
trast, and they are highly sensitive for motion and sus- 
ceptibility artifacts. Therefore they are not routinely 
used for MR imaging of urinary bladder carcinoma. 
Fat-suppressed sequences play a special role. They may 
be helpful for detecting and delineating nodal and bone 
marrow metastases, or they can be used after gadolinium 
contrast administration to improve tumor conspicuity. 
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FIGURE 8.9. Patient with invasive TCC of entire bladder wall, 
with nodal and bone marrow metastases. (A) Tl-weighted axial 
turbo-FLASH image shows thickening of the entire bladder 
wall, enlarged nodes (small arrows), normal-size nodes 
(curved arrow), and low signal intensity lesion in bone marrow 
(open arrow). (B) Subtracted image obtained 6 seconds after 
arterial enhancement shows early enhancement of the entire 
bladder wall, nodes, and bone lesion. This picture argues for 
stage T3a tumor with nodal and bone metastases (enhance- 
ment is displayed in black). (C) See color insert. (D) Maximal 
signal intensity image displays signal intensity at the plateau 
phase (45 seconds after arterial enhancement). At this time 
enhancement of normal bone marrow (white thick arrow) and 
uterus (large white arrows) has also occurred. Nonetheless, en- 
hancement of tumor and metastases is still higher. 


Surface Coils 


By using surface coils, the image quality of pelvic struc- 
tures can be improved considerably. Double surface 
coils, such as phased array multicoils, are especially well 
suited for pelvic MR imaging.33-35 The high signal/ 
noise ratio obtained with these multicoils facilitates ex- 
cellent image quality with superior spatial resolution.36 
Thus far, however, there are no reports on the staging of 
urinary bladder carcinoma with these multicoils. 
Endorectal coils have been developed that produce ex- 
cellent images of the prostate and seminal vesicles37,38 
and show promise for staging of urinary bladder tumors. 
Exact delineation of urinary bladder carcinoma and the 
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muscle layer of the dorsal bladder wall is possible with 
these coils and may result in more accurate recognition 
of muscular invasion (Fig. 8.12). However, a simple en- 
dorectal coil cannot clearly visualize the entire bladder 


wall, so the use of these coils is limited to tumors on the 
dorsal wall and bladder base. 


Oral Contrast Agents 


A limitation of pelvic MRI has been the lack of suitable 
bowel contrast agents for differentiating between bowel 
loops and tumor extension. Oral contrast agents are 
currently under clinical investigation. For SE sequences, 
an oral contrast agent such as ferrite particles is re- 
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ported to improve delineation of small-bowel loops and 
the paraaortic region.39 This contrast agent shortens T2 
and T2* so the bowel appears as a structure of low signal 
intensity. Blurring and metallic artifacts make this con- 
trast agent less suitable for gradient echo techniques 
(F. Boudghene et al., unpublished data, 1992). These 
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FIGURE 8.10. Patient with invasive TCC (stage T3b) after hys- 
terectomy. (A) Sagittal Tl-weighted SE image shows a fat plane 
between the urinary bladder carcinoma (c) and the sigmoid 
(s). (B) On this sagittal T1-weighted 3D MP-RAGE image this 
layer is disrupted (large arrow), which argues for adhesions or 
infiltration into the sigmoid. There is a fatty layer of higher sig- 
nal intensity visible (small arrows) between the bladder carci- 
noma and the vagina and adhesion/invasion, which argues for 
adhesion and against invasion. (C) Cystectomy specimen. 
Histopathologic examination confirmed the presence of a fi- 
brous adhesion (arrow). A = anterior; P = posterior; C = cranial. 
(From Barentsz et al.,20 with permission.) 


artifacts can be reduced when sequences with a short 
echo time (TE) (<6 ms) are used. Initial results with 
such a sequence (3D MP-RAGE; TE 4 ms) show that 
metallic and blurring artifacts are similar to those seen 
with SE sequences (J.O. Barentsz et al., unpublished 
data, 1992). 
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FIGURE 8.11. Patient with a large TCC invading perivesical fat (stage T3b). Axial (A) and sagittal (B) high resolution (1024 x 
1024 matrix) T2-weighted turbo SE images show tumor invasion through the bladder wall into perivesical fat (arrowheads). 


Intravenous Gadolinium-Containing Contrast Agents 


Gadolinium is an extracellular contrast agent. After bolus 
injection, usually into an antecubital vein, the agent is 
transported through the heart and lungs. Although dilu- 
tion occurs in the heart and lungs, the contrast agent en- 
ters the arterial system as a bolus. During the first-pass 
phase of the contrast agent the difference in concentra- 
tion between the intra- and extravascular compartment is 
at its maximum; and during this phase transportation 
from the vessels into the tissues occurs rapidly. Contrast 
medium, present in capillaries and the extracellular ex- 
travascular space, provides enhancement. The enhance- 
ment starts during the first pass, reaches a plateau phase, 
and finally decreases. This washout is caused by diminu- 
tion of contrast in the vessels due to renal excretion. The 
enhancement process can be displayed by a time signal 
intensity curve (Fig. 8.12). The curve is defined by: 
(1) onset of enhancement (the moment a structure Starts 
to enhance visibly, preferably on subtracted images); 
(2) fastest slope of enhancement (1.e., the maximal en- 
hancement rate [ASZ/At] during the first pass); (3) the 
plateau phase (reached after 40-50 seconds when en- 
hancement of the specific tissue is maximal and equilib- 
rium has been reached); and (4) the washout phase of 
the contrast medium (when contrast leaves the tissues 


and returns to the vessels because of diminished concen- 
tration of contrast in the vascular system). 

When a fast sequence is used (at least one image every 
2 seconds), postprocessing can be performed in order to 
obtain subtraction images (Fig. 8.9B) and images that 
represent these several phases: (1) time (Fig. 8.9C); 
(2) slope; (3) maximal signal intensity (SImax) (Fig. 
8.9D); and (4) washout images. 

The enhancement rate and onset of enhancement in a 
certain tissue depend on a complexity of factors: num- 
ber of vessels, perfusion (flow) of the vessels, vascular re- 
sistance, vessel wall permeability, composition of the ex- 
tracellular space, and finally venous outflow.40.41 These 
factors differ from tissue to tissue, and therefore en- 
hancement curves differ (Fig. 8.13). Urinary bladder 
carcinomas develop neovascularization4?; therefore this 
malignancy shows early, with a greater degree of en- 
hancement with contrast-enhanced MRI than normal tis- 
sues. 2,12,18,19,43-46 As urinary bladder cancer enhances to 
a greater extent than the bladder wall and most sur- 
rounding structures, contrast-enhanced Tl-weighted im- 
ages facilitate determination of muscular invasion (Fig. 
8.8) and perivesical tumor extension (Fig. 8.14). How- 
ever, differentiation between postbiopsy tissue and ma- 
lignancy remains difficult when using slower techniques, 
that is, one image every 30 seconds. 
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FIGURE 8.12. Patient with multifocal TCC (stage T3a and stage 
T1). (A) Sagittal T1-weighted SE image 5 minutes after intra- 
venous injection of contrast material made with an endorectal 
surface coil after ingestion of negative bowel contrast agent. 
The intraluminal part of the tumor can be well delineated be- 
cause of the high signal intensity of urine. Enhancement has 
occurred centrally in the tumor (c). The muscle layer of the 
normal bladder wall and peripheral part of the tumor show less 
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enhancement. Low signal intensity stripe of muscle layer at the 
dorsal wall (black arrows) is not disrupted. At the anterior blad- 
der base the muscle layer is invaded by tumor (white arrow). 
(B) Cystectomy specimen confirmed deep muscle infiltration 
(stage T3a) (large arrows) at the bladder base and the absence 
of infiltration at dorsal wall (stage Ty-T,) (small arrows). A = 
anterior; P = posterior; C = cranial. (From Barentsz et al., 2 with 
permission.) 


FIGURE 8.13. Time signal intensity curve showing different en- 
hancement patterns of regions of interest of various tissues and 
the importance of fast imaging during the early first-pass 
phase. Every image represents 1.16 second. At t = t, the arterial 
enhancement above the noise threshold starts to become visi- 
ble, followed shortly by urinary bladder carcinoma (ca) at t = 
tca parametrium (pm) at t =,,,, and bladder wall at t = ty. The 
difference in signal intensity between urinary bladder carci- 
noma and the parametrium is highest during the first-pass 
phase. At t = 45, during the equilibrium phase, all structures 
have reached their maximal signal intensity. The difference be- 
tween urinary bladder carcinoma and the parametrium is less 
prominent at this time. 
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FIGURE 8.14. Patient with bladder wall diverticulum (d) and 
TCC invading the gluteal muscle (stage T4b). (A) Precontrast 
coronal Tl-weighted GRE image shows tumor (arrows). 
(B) On an identical postcontrast Tl-weighted image, tumor 
(large arrows) enhances more than the surrounding struc- 
tures. Therefore invasion in gluteal muscle is visible (small ar- 
rows) (C) On this subtraction image the invasion is even better 
appreciated (enhancement is displayed in black). 


Fast dynamic MRI, using at least one image every 2 sec- 
onds, provides the best distinction between postbiopsy 
effects and urinary bladder cancer.47 Early enhancement 
of urinary bladder cancer can be displayed with this 
technique. Enhancement of the urinary bladder starts 
about 6 seconds after arterial enhancement, which 1s 
about 4 seconds earlier than that of other benign tissues, 
such as postbiopsy tissue. When the beginning of en- 
hancement is used as a criterion, the accuracy of differ- 
entiating postbiopsy effects from tumor improved from 
80% to 88% and staging from 69% to 82%.47 This fast 
technique facilitates visualization of early enhancement 
of metastatic lymph nodes (Fig. 8.15) and bone marrow 
metastases as well. 
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This fast technique, however, is limited to a single 
slice. Three-dimensional information, which is of impor- 
tance for staging, can therefore not be obtained using 
this type of sequence. Also, the signal/noise ratio and 
the resolution are limited. New ultrafast multislice dy- 
namic techniques with a higher resolution must be de- 
veloped to enable multislice fast dynamic MR imaging 
during the first-pass phase of contrast enhancement. 
With such techniques the entire tumor volume could be 
delineated with high specificity. 

At present the best choice is a combination of a multi- 
slice precontrast 2D or 3D GRE sequence, followed by a 
single-slice turbo-flash sequence (Fig. 8.9) and a post- 
contrast sequence, identical to the precontrast GRE se- 
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FIGURE 8.15. Patient with invasive TCC (stage T3a) and bilat- 
eral lymph node metastases. (A) Angulated axial Tl-weighted 
3D MP-RAGE image. An enlarged node on the right side is vis- 
ible (black arrow) Normal-size nodes are seen on the left side 
(small arrows). (B) See color insert. 


FIGURE 8.16. Patient with invasive TCC (stage T3b) and en- 
larged metastatic nodes (same patient as in Figures 8.11 and 
8.17). Angulated axial (A), coronal (B), and angulated axial 
Tl-weighted 3D MP-RAGE (C) images with isometric voxels 
(1.2 X 1.2 X 1.2 mm) result in images with identical high reso- 
lution in all reconstructed planes. Enlarged iliac nodes (single 
arrows) can be evaluated in three dimensions. Angulation of 
(A) (long white arrows) and (C) (long black arrows) are pre- 
sented in (B). 
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quence (Figs. 8.8, 8.14). Preferably, to suppress the dis- 
turbing high signal fat, a subtraction technique or a fat 
suppressive technique should be used. With this se- 
quence combination, high specificity is obtained with 
the turbo-flash sequence, whereas the 2D or 3D GRE se- 
quence provides multiplanar information. 


Sequence Protocol 


For optimal staging of urinary bladder cancer, the fol- 
lowing protocol can be used. It essentially consists of a 
three-dimensional Tl-weighted sequence, one or two 
high-resolution T2-weighted sequences, a precontrast 
and postcontrast multislice Tl-weighted gradient echo, 
and a single-slice fast dynamic sequence. In this way, 
Tl- and T2-weighted information, as well as enhance- 
ment characteristics, which are of importance in visualiz- 
ing urinary bladder carcinoma, is acquired in about 45 
minutes of examination time. 

Before starting the acquisition, the following patient 
preparation is advised. 


1. Place an intravenous line with drip infusion for 
glucagon and gadolinium contrast administration. 

2. Bladder should not be full. 

. Apply abdominal compression using a belt. 

4. Utilize a pelvic surface coil (Hemholtz, wraparound, 
phascd array). 

5. Administer intravenous glucagon (0.5 ml directly IV 
and 1.5 ml through drip infusion). 
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Then apply the following sequences. 


1. Localizer (30 seconds) 

2. 3D MP RAGE (three-dimensional T1-weighted infor- 
mation) (9 minutes) (Figs. 8.5, 8.6, 8.10, 8.15A) 

3. Sagittal or slightly angulated axial high resolution 
weighted fast SE (380 X 512 matrix), while perform- 
ing multiplanar reconstruction of step 2 in order to 
determine the optimal plane for an additional T2- 
weighted and pre- and postcontrast sequences (7 min- 
utes) (Fig. 8.2B) 

Alternative: conventional T2-weighted sequence (but it 
is time-consuming) 

4, Additional high resolution T2-weighted sequence in 
optimal plane (7 minutes) (optional) 


At this point the patient is requested not to move (also 
between sequences) in order to prevent motion artifacts 
for subtraction. 


5. Precontrast multislice Tl-weighted GRE (2 minutes) 
(Figs. 8.8A, 8.14A) | 

6. Single-slice dynamic fast (magnetization prepared) 
GRE, at least one image every 2 seconds, at the level 
of the tumor (2 minutes) (Fig. 8.9). 

7. Repeat step 5 (2 minutes) (Figs. 8.8B, 8.14B) 


Perform postprocessing on the following. 
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Step 2: multiplanar reconstruction (Figs. 8.5, 8.6, 8.10, 
8.15A, 8.16) 

Steps 5 and 7: subtraction (Figs. 8.8C, 8.4C) 

Step 6: subtraction (Fig. 8.9B), time (Figs. 8.9C, 8.15B, 
8.17, 8.18), slope, and SI,,,, images (Fig. 8.9D) 


Staging Urinary Bladder Carcinoma 


To evaluate the use of MRI in patients with urinary blad- 
der carcinoma, only its value for staging is important, as 
the high costs associated with MRI make this technique 
unsuitable for early detection. Furthermore, cystoscopy 
is more accurate in this regard. 

As mentioned earlier, the treatment and prognosis of 
urinary bladder carcinoma is largely determined by the 
depth of tumor growth and the degree of metastases that 
have occurred.! Bladder-saving treatment is used for su- 
perficial tumors (stages Ta-T1), whereas for stage 
T2-T3b tumors radical cystectomy is performed. The 
treatment for stage T4a and T4b tumors and for metasta- 
tic disease is usually palliative irradiation, chemotherapy, 
or both. 

The accuracy of the UICC clinical staging3, which in- 
cludes deep fractionated TUR, is sufficient for superfi- 
cial tumors.16.48-53 However, the accuracy of clinical stag- 
ing for stage T2—T4b tumors is poor.45,16 

Computed tomography seemed to be a valuable addi- 
tion to the clinical staging because it allowed determina- 
tion of extravesical tumor extension. The overall accu- 
racy ranged from 40% to 92% (mean 74%).8,10-13,16, 
33,49,53-68 The presence of metastatic, enlarged lymph 
nodes could also be established with CT with an accuracy 
of 50-97% (mean 85%) .8,10-13,16,33,48,60,64,69,70 The large 
variation in accuracy reported is due to the different 
imaging protocols used. | 


Intravesical Sonography 


With regard to local staging, intravesical sonography 
achieves high scores with 62-92% accuracy,!2,50,65,71-79 
particularly for superficial tumors.74,75,77,79 With these 
tumors conventional MRI has limitations. However, with 
the use of intravenous gadolinium contrast agents and 
fast SE sequences, Tachibana et al.18, reported superior 
detection of small tumors (< 10 mm) and better staging 
of superficial tumors with MRI. Reported disadvantages 
of intravesical sonography compared to MRI are the lim- 
ited differentiation between malignant tumors, inflam- 
mation, local bladder wall hypertrophy, and blood clots. 
Also, with intravesical sonography, differentiation be- 
tween deep and superficial muscular invasion is not al- 
ways possible!2.68,69,77 and is less accurate than with 
MRI.18 Furthermore, staging by intravesical sonography 
is unreliable for large tumors (> 3 cm) and tumors with 
calcifications because of the acoustic “shadow” cast by 
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the tumor, often resulting in overstaging.49.76 When stag- 
ing deeply infiltrating tumors (stages T3a) and for the 
depiction of abnormal lymph nodes and distant metas- 
tases, MRI is superior to intravesical sonography. More- 
over, intravesical sonography is an invasive technique 
performed with the patient under general anesthesia. 


Magnetic Resonance Imaging 


Magnetic resonance imaging appears to be superior to 
CT scanning for staging carcinoma of the urinary blad- 
der. Multiplanar imaging allows better visualization of 
the bladder dome, trigone, and adjacent structures (e.g., 
prostate and seminal vesicles). Its excellent resolution 
and high soft tissue contrast can be enhanced using 
paramagnetic contrast agents. Based on unenhanced T1- 
and T2-weighted SE images, Fisher et al.6, introduced an 
MR staging system, which has had to be modified since 
the advent of intravenous gadopentatate dimeglumine 
usage. 

Published data on the accuracy of MRI compared with 
that of CT for staging tumor and lymph node metastases 
are summarized in Table 8.2. Because the differentiation 
between stages Ta, T1, T2, and T3a in most cases is not 
possible with CT, these stages are grouped together as 
“stage Ta—T3a.” In only some cases can small stage Ta tu- 
mors (especially if they are based on a stalk) be seen to 
be clearly unassociated with deep muscle invasion.63 The 
accuracy of MRI for staging tumors varies from 73% to 
96% (mean 85%). These values are 10-33% (mean 
19%) higher than those obtained with CT. 

Several reports have appeared on the staging of uri- 
nary bladder carcinoma with the use of intravenous 
gadolinium contrast agents.12,18,43-47 The reported accu- 
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racy of staging tumors varies from 69% to 89% (mean 
83%). Doringer et al.43 and Tachibana et al.18 grouped 
stages Ta-T2 together, and other authors grouped stages 
Ta—T3a together. The results are comparable with those 
obtained with Tl- and T2-weighted sequences without 
contrast material. However, after using intravenous 
gadolinium contrast material, the visualization of small 
tumors (7 mm) was improved.12.18,19,44-46 Furthermore, 
Kim et al.,19 Doringer et al.,43 Barentsz et al.,47 and 
Sparenberg et al.45 reported 14%, 14%, 13%, and 9% in- 
creases in accuracy, respectively, when contrast material 
was used. Nicolas et al.12 found additional information 
on contrast-enhanced images in 12% of patients. The 
best staging results using intravenous gadolinium con- 
trast material were obtained when fast!8.19 or ultrafast 
Tl-weighted sequences‘? were applied. This better result 
can be explained by earlier enhancement of tumors 
compared to that of surrounding tissues (Fig. 8.9). Sohn 
et al.,44 Neuerberg et al.,46 and Nicolas et al.12 did not 
use T2-weighted sequences in all patients. Nevertheless, 
thanks to the use of gadolinium contrast material, their 
staging results were comparable to those of “conven- 
tional” Tl- and T2-weighted images. Although enhanced 
MRI has advantages over the use of unenhanced T2- 
weighted sequences, such as a higher signal/noise ratio 
and shorter acquisition time, most investigators advise 
not skipping the T2-weighted images.18.44,46 Large 
prospective studies in this regard are necessary. 

For differentiation between muscular invasion (stage 
T3a) and invasion into the perivesical fat (stage T3b), 
MRI provides slightly better results6.10,11,13,18 or results 
equal8.9,15,16,19 to those given by CT; MRI is superior es- 
pecially for tumors at the bladder dome or base. It is 
generally agreed that for deeply infiltrative tumors 


TABLE 8.2. Reported results with MRI and CT for tumor and node staging. 


Computed tomography 


Magnetic resonance imaging 


Pts Correct staging Correct staging Contrast Pts Correct staging Correct staging Contrast 
Reference (no.) of tumors (%) of nodes (%) material (no.) of tumors (%) of nodes (%) material 
Fisher et al.6 12 64 — None 14 85 — None 
Beyer et al.7 — — — — 26 80 73 None 
Amendola et al.8 10 40 90 IV, oral 11 73 91 None 
Küpwe et al.9 15 — — IV 12 75 — None 
Bryan et al.10 9 67 89 IV, oral 10 80 90 None 
Rholl et al.11 19 85 95 IV 23 96 96 None 
Nicolas et al.12 161 82 — IV, oral, rectal 13 92 — None 
Buy et al.13 30 60 97 — 40 83 98 None 
Koebel et al.14 — — — — 10 90 — None 
Husband et al.15 30 80 — IV, oral, rectal 30 73 — None 
Barentsz et al.16 60 45 82 Oral, rectal 60 85 96 None 
Tavares et al.17 34 — — — 34 91 82 None 
Tachibana et al.18 57 72 — IV 57 91 — IV 
Kim et al.19 36 55 — IV 36 75 — IV 
Barentsz et al.20 — — — — 28 93 93 IV 
Barentsz et al.41 — — — — 51 86 94 IV 


— = data not reported; IV = intravenous. 
From Barentsz et al.,2 with permission. 
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(stages T3b, T4a, and T4b), MRI is the most accurate 
staging technique. For lower-stage tumors (stages Ta, T1, 
and T2), MRI has limitations. As mentioned previously, 
clinical staging is the best method for these tumors. 

Much attention has been paid to the possibility of us- 
ing MRI to differentiate between superficial (stage T2) 
and deep invasion (stage T3a) of the muscle layer of the 
bladder wall. This distinction cannot be made with clini- 
cal staging, CT, or intravesical sonography. Amendola et 
al.9 were also unable to differentiate these stages with 
MRI. Other authors reported that the stages can be dif- 
ferentiated on unenhanced T2-weighted images. 
6,11,13,16,17 Nicolas et al.,!11 Tachibana et al.,18 and Sparen- 
berg et al.45 showed that the extent of invasion of the 
bladder wall is better delineated on contrast-enhanced 
Tl-weighted images than on unenhanced T2-weighted 
images, probably due to the higher signal/ noise ratio 
and the resulting higher spatial resolution of Tl- 
weighted contrast-enhanced images. 

Differentiation between late fibrosis and granulation 
tissue (e.g., as a result of TUR performed at least 3 
months before the MRI examination) and carcinoma is 
better with MRI than with CT if T2-weighted images are 
used.!6 Three months after TUR most of the acute 
edema has disappeared, and only residual scar tissue is 
present, which can be differentiated from tumor on 
T2-weighted images.80 Acute edema, which is present 
during the first months after TUR, is difficult to differ- 
entiate from tumor when slower contrast-enhanced se- 
quences are used.12,16,18,19,43-46 The use of fast dynamic 
sequences seems promising in this regard.47 

In the studies on the value of MRI and CT for staging 
urinary bladder carcinoma, the number of patients in 
whom cystectomy or autopsy specimens served as a refer- 
ence value is not large. The largest series are described 
by Buy et al.,13 Barentsz et al.,1647 and Tachibana et al.18 
(40, 40, 51, and 31 patients, respectively). In only one of 
these studies were the results of clinical staging also com- 
pared with those of MRI and CT-.16 Clinical staging, 
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which includes deep fractionated TUR, appeared to 
have a low accuracy for infiltrating tumors (stages T2 or 
higher) .4,15.16 Therefore care must taken when using it as 
a gold standard. Because of the low number of cystec- 
tomies reported in most articles, TUR serves as a refer- 
ence point for MRI and CT. Staging with TUR is accurate 
for superficial tumors.16.48-53 Therefore the results of 
TUR can serve as reliable reference points for superfi- 
cial tumors only, especially when follow-up includes re- 
peated cystoscopy, as reported by two groups.16,18 

When staging lymph node metastases, MRI and CT are 
comparable: Accuracy for CT is 83-97% (mean 89%) 
and for MRI 73-98% (mean 89%). However, results 
with a three-dimensional sequence (3D MP-RAGE) show 
that even normal-size lymph nodes can be depicted and 
differentiated from enlarged lymph nodes and vascular 
structures (Figs. 8.5, 8.6, 8.15, 8.16). This sequence type 
facilitates optimal evaluation of abnormal lymph nodes 
in three dimensions and results in improved stag- 
ing.20,20a Also, fast dynamic techniques may play a role in 
the detection of metastases in normal-size nodes (Fig. 
8.15). Finally, MRI seems to have advantages over CT 
and nuclear bone scanning for diagnosing bone marrow 
metastases. 16,47,81 

Clinical staging and MRI complement each other. 
Table 8.3 offers an overview of the value of the several 
staging techniques for the urinary bladder. MRI is the 
most accurate technique for differentiating the various 
stages of deeper infiltrating tumors (stages T2 and 
higher), whereas clinical staging is the best technique 
for differentiating between acute edema, early granula- 
tion tissue, and the various stages of superficial tumors 
(stages T2 and lower). When MRI is available, CT is no 
longer needed. 

It can be concluded that MRI and clinical staging are 
complementary for staging urinary bladder cancer; for 
superficial tumors, clinical staging including TUR is the 
best technique. For invasive tumors, MRI is the best tech- 
nique for staging. For determining local tumor growth 


TABLE 8.3. Accuracy of staging techniques. 


Clinical staging including 
transurethral resection 


Differentiation 


TO-T+ 
Tis—Ta ++ 
Ta-T1 ++ 
T2-T3a 0 
T3a—T3b — 
T3b-T4a — 
T4a-T4b — 
NO-N+ | — 
M0-M+° — 


++ 


Intravesical 

sonography CT MRI 
— — + 
+ — — 
++ — — 
0/+ — + 
0 ++ ++ 
0 + ++ 
— + ++ 
— + + 
— 0/+ ++ 


From Barentsz et al.,2 with permission. 


TO = no malignancy (e.g., scar, fibrosis, granulation tissue, hypertrophy); T+ = malignancy; 
++ = highly accurate; + = accurate; — = not possible. 


“Bone marrow infiltration. 
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and detecting bone marrow infiltration, MRI is superior 
to CT: For the detection of lymph node involvement, 
CT and MRI are equal. However, Tl-weighted three- 
dimensional sequences allow recognition and evaluation 
in three dimensions of small but normal-size lymph 
nodes, which is difficult with CT. Perhaps with the com- 
bination of three-dimensional sequences and intra- 
venous gadolinium or selective lymph node contrast 
agents,82 it will be possible to detect tumor foci in en- 
larged and normal-size nodes. 

A limitation of all staging procedures is the determina- 
tion of extent of tumor growth in the muscle layer of the 
bladder wall (differentiation between stages T2 and 
T3a). The role of MRI for evaluating bladder tumors is 
continuing to evolve. The use of endorectal surface coils 
or phased array multicoils, in combination with intra- 
venous contrast agents or with T2-weighted fast SE se- 
quences, might solve the problem of differentiating 
stage T2 from stage T3 tumors. Additional prospective 
studies of these new developments are needed. 

Another limitation of MRI is its difficulty to differenti- 
ate tumor from acute edema resulting from TUR. The 
use of fast dynamic sequences during intravenous con- 
trast material injection seems promising, but technical 
limitations still have to be solved. Therefore after cysto- 
scopic detection of a urinary bladder tumor, staging 
should start with MRI followed by clinical staging, which 
includes deep TUR. In this way the treatment can be reli- 
ably chosen. 


FIGURE 8.19. Patient with nodal metastasis of TCC. Axial (A) 
and angulated Tl-weighted 3D MP-RAGE image (B) shows the 
18 gauge biopsy needle (small arrows), with the tip at the site 
of an enlarged node (open arrows). The node itself shows a 
fatty deposit with high signal intensity (B, long thin arrow) cau- 
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Future Prospects 


New Sequences, Surface Coils 


Technologic improvements are introduced rapidly. With 
the new-generation MR scanners, faster sequences with 
higher resolution can be applied. With new MR units it is 
possible to perform a high-resolution T1-weighted 3D MP 
RAGE sequence with isometric voxels (1.2 X 1.2 X 1.2 
mm) in 5 minutes (Fig. 8.16). Perhaps in the near future 
fast T2-weighted three-dimensional sequences will be- 
come available. Also, ultrafast multislice dynamic imaging 
is becoming possible. Currently, four slices can be made 
with a time resolution of 1.5 seconds (Fig. 8.17; see color 
insert), allowing evaluation of urinary bladder cancer and 
its metastases with high specificity at multislice imaging. 
The high signal/noise ratio, obtained with new phased 
array coils, facilitates the use of high-resolution fast T2- 
weighted sequences. Currently, a T2-weighted sequence 
with a 10242 matrix can be performed in 5 minutes (Fig. 
8.11). For evaluation of the extent of muscle invasion, 
the combination of an external with an endorectal 
phased array coil plus these sequences seems promising. 


Future Applications 
of Gadolinium-Enhanced MRI 


The behavior of the urinary bladder cancer after intra- 
venous injection of a gadolinium-containing contrast 


B 


dal to the needle tip. If the needle tip had been at the fatty 
area, the biopsy might have been falsely negative. The biopsy 
was positive for metastasis, and the patient received chemother- 


apy. 
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agent, as documented with fast dynamic MRI and time 
images, is a reflection of its neovascularity. Microvessel 
quantification is reported to be an independent predic- 
tor of survival in patients with invasive bladder cancer 
and might be useful when selecting those who would ben- 
efit from adjuvant therapy.41.42.47 Perhaps fast dynamic 
MRI could be used to select and follow up patients who 
might be candidates for neoadjuvant chemotherapy. Ini- 
tial results with this technique for the follow-up of pa- 
tients with chemotherapy are promising (Fig. 8.18; see 
color insert). Further prospective studies are needed. 


MRI-Guided Biopsy 


There is a tendency to obtain a histologic diagnosis as non- 
invasively as possible. It can be achieved by image-guided 
biopsies. At present these biopsies are performed under 


FIGURE 8.20. Patient with neural and perineural TCC metas- 
tases. (A) Precontrast T1-weighted GRE image shows thicken- 
ing of the right sciatic nerve (arrows). (B) Identical post- 
contrast image shows enhancement (arrows), arguing for 
metastasis, which was confirmed by MRI-guided biopsy. (C) On 
this T1-weighted sagittal SE image, the tip of the biopsy needle 
(arrowheads) is at the pathologic sciatic nerve (arrows). The 
needle appears thicker because of susceptibility artifacts. 
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fluoroscopic, ultrasonographic, or CT guidance. Due to 
time constraints on MR scanners, MR guidance for biop- 
sies is not frequently used. Nevertheless, MRI has advan- 
tages over other imaging modalities for biopsy guidance. 
Magnetic resonance imaging is a three-dimensional 
imaging technique; therefore a multiple angulated 
biopsy can be best performed under MR guidance. An 
example for bladder cancer is the three-dimensional vi- 
sualization of (enlarged) lymph nodes and the subse- 
quent MR-guided biopsy (Fig. 8.19). In a preliminary 
study we performed MR-guided biopsies in 10 patients 
with slightly enlarged nodes; the biopsy was true positive 
in 8 of the patients. These positive biopsy results obvi- 
ated the need for lymph node dissection. Another ad- 
vantage of (contrast-enhanced) MRI is the higher speci- 
ficity and sensitivity for detecting urinary bladder cancer 
and possible metastases (Fig. 8.20) compared to ultra- 
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sonography or CT scanning. Based on the enhancement 
pattern of the tumor, the part of the tumor that contains 
the most pathologic vessels, and thus the most viable 
part, can be localized with MRI and biopsied. 

Specially designed MR units are being developed to 
simplify localization under MR guidance and to reduce 
biopsy time. With regular MR machines, biopsies must be 
performed in the same way it is done with CT. Special 
nonmagnetic needles are available. Efforts must be made 
to reduce the susceptibility artifacts of these needles. 

Fast high-resolution dynamic contrast-enhanced MRI 
of the urinary bladder can improve the diagnosis, stag- 
ing, and follow-up of patients with urinary bladder can- 
cer. Therefore this technique will be utilized more fre- 
quently in these patients in the future. The MRI-guided 
biopsy will contribute to a less invasive diagnosis, result- 
ing in better treatment planning. 
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Computed Tomography of the Bladder 


Janet E. S. Husband 


The most important reason for undertaking computed 
tomography (CT) of the urinary bladder is to assess pa- 
tients with bladder cancer either as part of routine pre- 
treatment staging and radiotherapy treatment planning 
or for restaging after therapy. Moreover, other primary 
tumors occasionally arise within the bladder wall, such as 
non-Hodgkin’s lymphoma and rarely pheochromocy- 
tomas. Metastases to the bladder are uncommon, but de- 
posits from such tumors as malignant melanoma may be 
seen with advanced disease. More commonly the blad- 
der is invaded by other primary tumors arising in adja- 
cent organs, such as the prostate, cervix uteri, and sig- 
moid colon. CT is then carried out for staging the 
primary tumor and may also be required to evaluate 
complications such as the development of a fistula. It is 
rarely undertaken to assess benign disease of the urinary 


bladder, but it should be remembered that pelvic ab- 
scesses may involve the bladder and chronic infection 
may produce generalized bladder wall thickening. 


CT Anatomy 


On CT the bladder is seen as a quadrilateral structure ly- 
ing centrally in the pelvis. On unenhanced scans urine 
within the bladder has low attenuation values similar to 
that of water (Hounsfield units 0-10), and the bladder 
has a clearly delineated wall of soft tissue density similar 
to that of other soft tissue structures (Fig. 9.1A). When 
the bladder is distended the thickness of the wall is less 
than 5 mm, but if scanning is undertaken with an empty 
bladder the wall may be as thick as 5 mm. The bladder 


FIGURE 9.1 (A) Unenhanced CT scan of the normal pelvis showing the urine-filled bladder centrally. Note contrast medium in 
the rectum. (B) Contrast-enhanced CT scan of the normal pelvis showing enhancement of the bladder wall and opacification of 


the external iliac vessels (arrow). 
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CT SECTIONS 


Prostate 


dome is often seen as a soft tissue density oval structure 
because axial CT sections through the dome are taken in 
the plane of the bladder wall (Fig. 9.2A, B). At the blad- 
der base the trigone is not distinguishable from the re- 
mainder of the bladder wall; and in male patients the 
prostate gland, if enlarged due to benign prostatic hy- 
pertrophy, projects into the bladder base giving the ap- 
pearance of an intraluminal mass (Fig. 9.2C). 

The bladder wall enhances uniformly following a bo- 
lus injection of intravenous contrast medium, but the in- 
dividual layers of the bladder wall (mucosa, lamina pro- 
pria, superficial and deep muscle) cannot be discerned 
or distinguished from each other. Bladder wall enhance- 
ment is seen 1—2 minutes after injection of intravenous 


Janet E. S. Husband 


FIGURE 9.2. (A) Tissues demonstrated on a CT slice through 
the bladder dome. A tumor arising at the dome may not be vis- 
ible on axial CT slices, and extravesical extension may be erro- 
neously suggested due to partial volume averaging. (B) CT sec- 
tion through the bladder dome giving the appearance of a soft 
tissue mass. The tumor at the dome cannot be distinguished 
from the bladder wall. (C) CT section through the bladder 
base showing an apparent soft tissue mass within the bladder 
base produced by indentation of the bladder lumen by an en- 
larged prostate. 


contrast medium (Fig. 9.1B). Delayed scans (after 5-10 
minutes) show opacification of the bladder lumen and 
sometimes the lower ureters as well (Fig. 9.3). 

Bladder diverticula are common and are seen as urine- 
containing structures adjacent to the bladder. The wall 
of a diverticulum lacks normal muscle and is therefore 
thinner than the normal bladder wall, but this differ- 
ence is rarely perceptible. Multiple diverticula may be 
seen, but it is unusual to demonstrate the ostium be- 
tween the bladder and the diverticulum in the limited 
axial plane (Fig. 9.4). 

The pelvic side walls consist of the iliopsoas muscles, 
obturator internus muscles, and piriformis muscles lying 
posteriorly. The external iliac vessels and branches of the 
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FIGURE 9.3. Contrast-enhanced CT scan approximately 5 min- 
utes after a bolus intravenous injection shows opacification of 
the bladder lumen and the distal ureters (arrows). 


internal iliac vessels can be clearly shown on contrast- 
enhanced CT lying medial to these muscle groups and 
are accompanied by lymph node chains of the same 
nomenclature (Fig. 9.1B). The pelvic side wall structures 
are usually symmetric when the sides of the pelvis are 
compared, but in elderly patients this is not always true 
because the vessels tend to become tortuous and may 
therefore appear more bulky on one side of the pelvis 
than on the other (Fig. 9.5). 

The bladder has a rich network of interconnecting 
lymphatic vessels within the submucosa and muscular 


FIGURE 9.4. Large diverticulum (D) arising from the right lat- 


eral aspect of the bladder. 
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FIGURE 9.5. Tortuous external iliac vessels shown following an 
intravenous bolus of contract medium (arrows). Note the 
asymmetry and prominence of these vessels. 


layers of the bladder wall. This rich lymphatic pathway 
drains into the anterior and lateral perivesical nodes. 
The regional lymph nodes are the hypogastric, obtura- 
tor, external iliac, and lateral sacral nodes (Fig. 9.6). The 
juxtaregional nodes are the common iliac, paraaortic, 
and inguinal nodes. Bladder tumors arising on the lat- 
eral walls of the bladder usually spread first to the ipsilat- 
eral obturator and hypogastric nodes, whereas tumors 
on the anterior wall or in the region of the trigone tend 
to spread first to the anterior chain of the external iliac 
nodes. 


External iliac_ 
node 


Internal 
iliac nodes 


Obturator | 
node Hypogastric 


node 


FIGURE 9.6. Lymph node chains in the pelvis. IVC = inferior 
vena cava; Ao = aorta. 
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Blood is supplied to the bladder via the internal iliac 
artery. Blood-borne metastases spread along this path- 
way by direct vascular invasion to the lungs, liver, and 
bone. 


CT Examination Technique 


As for all imaging methods, a full bladder is mandatory 
prior to CT scanning. Approximately 1 liter of dilute oral 
contrast medium, for example, 2% Gastrografin 
(sodium meglumine diatrizoate 2%; Schering Health- 
care) is given at least 1 hour before the examination to 
ensure that the small-bowel loops within the pelvis are 
adequately opacified. Rectal contrast medium may also 
be given but is not essential, although it is particularly 
useful in patients with large tumors at the bladder base 
extending posteriorly. In female patients a vaginal tam- 
pon is recommended to define the position of the vagi- 
nal vault and therefore the relation of the upper vagina 
and cervix uteri to the posterior bladder wall and base. 

The major role of CT in assessing bladder cancer is to 
distinguish tumors confined to the bladder and those 
extending beyond it, whereas in patients with other pri- 
mary tumors invading the bladder the role of CT is to 
detect intraluminal tumor spread. The examination 
technique must be tailored to the clinical question 
posed; the timing of the scan in relation to the adminis- 
tration of intravenous contrast medium therefore varies 
according to the situation. For example, detection of a 
vesicocolic fistula due to local tumor invasion of the 
bladder may require delayed scanning with the bladder 
lumen opacified with contrast material, whereas detec- 
tion of early perivesical spread of a primary bladder tu- 
mor requires evaluation of scans at an earlier stage when 
the bladder tumor shows parenchymal enhancement.! 

The technique for staging bladder cancer has evolved 
considerably since the early 1970s. Initially several au- 
thors advocated the use of negative contrast agents intro- 
duced by catheterization.2.3 The objective was to increase 
negative contrast between the urine within the bladder 
lumen and tumor, and many substances were used, such 
as Olive oil and peanut oil.45 Other series reported the 
use of carbon dioxide, and in one study a double- 
contrast technique using air and iodinated contrast 
medium was employed.6 All these techniques had the 
major drawback that catheterization was required, which 
was unpleasant for the patient, increased the risk of uri- 
nary tract infection, and prolonged the examination 
time. Furthermore and equally important, demonstra- 
tion of the intraluminal component of the bladder tu- 
mor, though helpful, does not alter staging. Indeed the 
only reason for identifying it is to scrutinize the bladder 
wall in the region of the tumor in an attempt to identify 
deep bladder wall invasion with perivesical spread. 
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Positive contrast medium using intravenous contrast 
agents was also considered advantageous even in the 
early days of body CT. In most centers the contrast agent 
was given with the purpose of opacifying the bladder lu- 
men, again to demonstrate the intraluminal component 
of the tumor. During the late 1970s and early 1980s scan- 
ning speeds improved, and it was possible to scan 
through the pelvis following a bolus injection of intra- 
venous contrast medium, thus demonstrating the tumor 
in the parenchymal phase of enhancement. Enhance- 
ment of a bladder tumor increases the contrast between 
tumor and perivesical fat, thereby increasing the con- 
spicuity of early perivesical tumor spread (Fig. 9.7).1 This 
method of rapid scanning after a bolus of intravenous 
contrast medium has stood the test of time and is now 
standard practice. 

The introduction of spiral (helical) CT has further re- 
fined CT techniques, and it is now possible to scan 
through the pelvis with optimum enhancement of the 
bladder tumor and adjacent organs and to obtain good 
opacification of the vascular structures.’ If necessary, de- 
layed scanning can be done to elucidate a particular 
problem, when opacification of the bladder lumen or 
lower ureters may provide additional information. 

When assessing patients with bladder cancer it is advis- 
able to scan the abdomen as well as the pelvis. Using 
conventional CT 8- to 10-mm collimation is generally 
used at 1.0- to 1.5-cm intervals through the abdomen; 1 
cm contiguous slices are obtained through the pelvis as 
far as the lower border of the symphysis pubis. 

Using a conventional CT scanner it is preferable to 
give the bolus of intravenous contrast medium at the 


FIGURE 9.7. CT scan after an intravenous bolus of contrast 
medium obtained during the parenchymal phase of enhance- 
ment. The multifocal bladder cancer enhances, and minimal 
extravesical extension is clearly depicted (arrow). 
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level of the fifth lumbar vertebra (L5), having already 
surveyed the CT study through the abdomen. In this way 
optimum contrast enhancement of the bladder tumor 
and pelvic side wall vessels can be achieved, and further 
slices through the abdomen may then be obtained 
through any questionable area if required. Liver metas- 
tases are rare at the time of diagnosis; and provided the 
unenhanced scan is unequivocally normal, there is gen- 
erally no need to undertake a postcontrast scan of the 
liver in these patients. 

Using spiral (helical) CT it is possible to deliver the bo- 
lus of intravenous contrast medium and to scan the ab- 
domen and pelvis within a 2- to 3-minute time frame, 
permitting the whole examination to be performed dur- 
ing the parenchymal phase of enhancement.” A dose of 
100-150 ml of iodinated contrast medium (300 mg of io- 
dine/ml) is given using an injection rate of 2.0-2.5 ml/s 
and a delay of 70-90 seconds. We use nonionic contrast 
medium routinely in all our cancer patients because they 
are likely to require multiple follow-up CT studies, and 
nonionic contrast material is much better tolerated. Us- 
ing spiral (helical) CT, scanning is undertaken using 8- 
to 10-mm collimation and a pitch of 1. Reconstructions 
can then be obtained through the tumor using 4- to 5- 
mm collimation to provide images with improved spatial 
resolution. Reformatting is occasionally helpful, for ex- 
ample for demonstrating a fistula or for showing the re- 
lations of structures (e.g., a diverticulum) to the bladder 
tumor (Fig. 9.8). In our experience reformatting in or- 
der to detect minimal tumor spread is rarely helpful be- 
cause the spatial resolution is relatively poor. Although 
the spatial resolution could be improved using 1.5- to 
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2.0-mm reconstructions, such work is time-consuming 
and rarely undertaken for practical routine staging. 

Altering the patient’s position may facilitate interpre- 
tation; for example, the maneuver may elucidate if a 
loop of bowel is adherent to tumor or if an apparent soft 
tissue mass represents a loop of bowel or tumor. Another 
occasionally helpful technique is rescanning the patient 
after voiding; this situation also alters the position of 
normal and abnormal structures within the pelvis.8 Re- 
scanning after voiding may be a useful technique in pa- 
tients with a large bladder diverticulum in whom it is dif- 
ficult to determine whether the tumor arises in the 
bladder wall itself or within the diverticulum. 

On completion of the CT examination the study 
should be reviewed by the radiologist before the patient 
leaves the scanning suite. Images should be reviewed on 
both soft tissue window settings and bone window set- 
tings because pelvic bone metastases are occasionally 
seen at presentation, even in patients with apparently 
early stage disease (see Fig. 9.20A, below). 


Bladder Tumors 


Bladder Cancer 


Bladder cancer is a disease of later life with a peak inci- 
dence during the seventh decade. As for many malig- 
nant tumors the incidence of bladder cancer has been 
rising; in 1995 it was estimated that there would be more 
than 50,000 new cases diagnosed in the United States 
and more than 10,000 deaths.9 Bladder tumors are more 
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FIGURE 9.8. (A) Axial CT scan using the spiral (helical) scanning mode showing lateral diverticula. A higher density lesion anteri- 
orly is also seen and might be interpreted as tumor spreading anteriorly beyond the bladder (T). (B) Reformatted image in the 
sagittal plane clearly shows that the tumor is arising in another anterior diverticulum (arrow). 
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common in men, accounting for 7% of all male malig- 
nancies, whereas in women they account for only ap- 
proximately 2% of all cancers.10 


Etiology 


A link between bladder cancer and environmental fac- 
tors was first recognized a century ago by Rehn, a Ger- 
man physician.!! He documented an increased inci- 
dence of the disease in aniline dye workers, and since 
that time aryl amines have also been shown to be associ- 
ated with the disease, thus introducing an occupational 
hazard for those working with organic chemicals, dyes, 
rubber, and paint. Cigarette smoking is strongly linked 
to the development of bladder cancer and indeed today 
is the single most important known cause of the dis- 
ease.12,13 Other factors that have been implicated in- 
clude diesel fumes and long-term abuse of the drug 
phenacetin.14.15 Chronic urinary infections are also an 
important cause of bladder carcinoma; and in areas 
where schistosomiasis is prevalent there is a strong asso- 
ciation. 16 

A genetic propensity to develop bladder cancer has 
also been observed.!7 A family history of bladder cancer 
significantly increases the risk of developing the disease, 
and molecular genetic studies have revealed that certain 
chromosomal deletions are associated with tumor grade, 
stage, and vascular invasion.!8.19 Insult to the bladder 
urothelium, whether from carcinogens or irritation due 
to repeated infections, may lead to an increase in cell 
turnover and the development of hyperplasia and pre- 
malignant metaplasia. Most tumors result from preneo- 
plastic conditions that are frequently multifocal.20 


Pathology 


Most bladder cancers are transitional cell tumors, ac- 
counting for 95% of all primary malignant lesions. The 
rest are squamous cell carcinomas, mixed transitional 
and squamous cell tumors, adenocarcinomas, and undif- 
ferentiated lesions. Most bladder cancers arise on the lat- 
eral walls (47%) or in the region of the trigone (21%). 
Adenocarcinomas, which account for 3% of all bladder 
tumors, usually arise in the region of the trigone but oc- 
casionally are seen as exophytic growths arising at the 
bladder dome and originating from a persistent urachus. 

About one-third of cancers are multifocal at the time 
of diagnosis, and the whole bladder epithelium may un- 
dergo malignant change. Recurrences and new tumors 
are frequent.2! Bladder tumors show a variable pattern 
of growth and are classified as papillary, infiltrative, pap- 
illary and infiltrative, or nonpapillary and noninfiltra- 
tive (carcinoma in situ). Grade I lesions are well differen- 
tiated tumors and are usually papillary, whereas grade III 
lesions are poorly differentiated and frequently show an 
infiltrating pattern of growth. Tumor grade correlates 
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well with the natural history of the disease, as those with 
grade III tumors invading muscle have a significantly 
worse prognosis than those with grade I or II superficial 
lesions.22 Approximately one-third of patients present 
with muscle-invasive disease at the time of the initial di- 
agnosis. 


Presenting Features 


Most patients present with symptoms and signs re- 
ferrable to the lower urinary tract. Gross hematuria, 
which may be associated with dysuria, is the most fre- 
quent presenting feature, seen in about 75% of patients. 
The remainder present with urinary frequency and dys- 
uria without hematuria. Locally advanced tumors may 
lead to ureteric obstruction, pelvic side wall muscle inva- 
sion, or invasion of adjacent organs. These advanced tu- 
mors usually present with pelvic or abdominal pain and 
symptoms related to the urinary tract. Occasionally 
patients with aggressive invasive tumors present with 
metastatic disease, such as pelvic pain due to bone meta- 
stases. 

The diagnosis of bladder cancer is confirmed by cysto- 
scopic examination and biopsy. Multiple biopsy speci- 
mens should be obtained from obvious lesions and from 
areas remote from the tumor because carcinoma in situ 
may coexist with superficial or invasive disease. 


Treatment Options 


Although superficial noninvasive bladder cancer can be 
successfully treated by cystodiathermy or transurethral 
resection (TUR), a major problem is the occurrence of 
multiple lesions and the development of recurrences, 
which are seen in approximately 30-85% of pa- 
tients.23,24 Grade and stage progression is also seen in up 
to 30% of cases.24 Thus a more aggressive approach us- 
ing intravesical chemotherapy, immunomodulators, or 
radical cystectomy is frequently adopted in patients with 
multiple recurrences and high grade lesions, as well as in 
selected cases of carcinoma in situ (see Chapter 7). 

Despite improvements in surgical techniques and 
more sophisticated radiotherapy planning, invasion of 
the muscle layers of the bladder wall is associated with a 
poor prognosis, with overall 5-year survival rates ranging 
from 20% to 50%.25.26 Treatment options for muscle- 
invasive tumors include radical cystectomy plus radical 
radiotherapy or systemic chemotherapy.27-30 In patients 
with fixed tumors and spread of disease to the pelvic side 
wall or into adjacent organs, systemic chemotherapy us- 
ing multiagent regimens may induce tumor response, 
but palliative radiotherapy also has an important place 
in patient management. Palliative radiotherapy and sys- 
temic chemotherapy have a role in patients with nodal 
metastases and those with distant metastases at blood- 
borne sites, such as the liver, lungs, and bone. 
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Staging 
Classifications 


The relation between the depth of bladder wall invasion 
by tumor and the likelihood of metastases was first rec- 
ognized by Jewett and Strong in 1946.31 Their classifica- 
tion of bladder cancer, based on these concepts, was sub- 
sequently modified by Marshall32 to take into account 
the results of bimanual examination and biopsy at cys- 
toscopy. This system, known as the Jewett-Strong- 
Marshall system, is still widely used in the United States, 
whereas in Europe the TNM system devised by the Inter- 
national Union against Cancer is the standard method.33 
The latter system has the advantage that lymph node 
metastases and distant spread are classified separately 
(Table 9.1, Fig. 9.9). The pathologic classification (pT) 
is based on histologic staging of a specimen of the full 
thickness of the bladder wall. 


Methods 


Clinical staging is undertaken at the time of initial diag- 
nosis by cystoscopic examination. Transurethral biopsy is 
performed together with bimanual examination to de- 
termine the depth of tumor infiltration into adjacent 
structures in patients with advanced disease. In patients 
with superficial lesions, TUR or cystodiathermy of the 


TABLE 9.1. Jewett-Strong-Marshall staging system and TNM 
classification. 


Jewett-Strong 
Marshall TNM Histopathologic findings 

0 Tis Carcinoma in situ 

0 Ta Papillary tumor, confined to 
epithelium (mucosa) 

A Tl Tumor invades subepithelial 
connective tissue (lamina propria) 

Bl T2 Tumor invades superficial muscle 

B2 T3a Tumor invades deep muscle 

C T3b Tumor invades perivesical fat 

D1 T4a Tumor invades surrounding organs 

D1 T4b Tumor invades pelvic or abdominal 
wall 

D1 N1-3 Pelvic lymph nodes metastases 

D2 M1 Distant metastases 

D2 N4 Lymph node metastases above the 


bifurcation 


Data from Jewett and Strong,3! Marshall,32 and UICC.33 
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FIGURE 9.9. Staging bladder cancer based on the TNM staging 
system. (From Spiesl et al.,”’ with permission.) 


mass is undertaken. Because clinical staging is known to 
be inaccurate for advanced local disease, with errors as 
high as 50%,34,35 other methods of determining local tu- 
mor spread have been welcomed. 

The introduction of imaging techniques into clinical 
radiology and their development has been one of the 
most important events in the history of cancer manage- 
ment. Not only do they provide more accurate staging of 
primary tumors, they demonstrate nodal involvement 
and distant metastases. The success of imaging with CT 
and magnetic resonance imaging (MRI) has been such 
that older methods used as an adjunct to clinical staging 
(e.g., intravenous urography, arteriography, lymphogra- 
phy) are no longer employed. 

Transabdominal ultrasonography, transurethral ultra- 
sonography, CT, and MRI represent the range of imag- 
ing techniques employed for bladder cancer staging. 
Among these techniques, transabdominal ultrasonogra- 
phy is seldom used today, but excellent results can be 
achieved with transurethral ultrasonography for the eval- 
uation of superficial lesions.36 During the late 1970s CT 
was recognized as a valuable tool for staging invasive tu- 
mors.2-6,37-39 At this time CT scanning technology ad- 
vancing dramatically, led to reduced scanning times and 
improved image quality. During the mid-1980s MRI was 
introduced, and several studies were performed to com- 
pare MRI with CT for staging bladder cancer!,40-45 (see 
Chapter 8). Although in many areas MRI has been 
shown to be superior to CT for staging purposes, CT also 
has important advantages over MRI. First, CT is readily 
available for body imaging, whereas even in centers 


166 


where MRI facilities exist the scanner time for body 
imaging is often insufficient to meet the potential clini- 
cal demand. Furthermore, CT has progressed remark- 
ably during the 1990s, and the introduction of spiral (he- 
lical) CT has introduced an era of extremely fast 
scanning, permitting complex and highly sophisticated 
manipulation of CT data. Thus in many centers CT is 
likely to remain an important staging investigation for 
management of bladder cancer. 


CT Findings of Bladder Cancer 
Staging 
Primary Tumor 


Bladder tumors appear on CT as soft tissue density le- 
sions arising from the bladder wall. The tumor may be 
sessile or pedunculated (Fig. 9.10), but in some cases the 
only abnormality seen is thickening of the bladder wall. 
Tumors enhance following injection of intravenous con- 
trast medium, often to a greater degree than the normal 
bladder wall; moreover, the intraluminal component of 
the tumor may be encrusted with calcium, which is 
clearly visible on CT (Fig. 9.11). Blood clots on the sur- 
face of the tumor or within the mass cannot be reliably 
differentiated from tumor on the basis of CT. Occasion- 
ally, fresh blood clots are detected within the bladder 
and may be distinguished from tumor by altering the pa- 
tient’s position, thereby allowing the blood clot to drop 
into the most dependent part of the bladder. 

Early tumors confined to the mucosal layer of the 
bladder wall can be identified on CT only if scanning is 
undertaken before cystoscopic resection; and even then 
small lesions (< 1-2 cm) are likely to be missed. How- 


FIGURE 9.10. A 2 cm intraluminal bladder tumor is shown on 
the right lateral bladder wall. 
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FIGURE 9.11. Large bladder cancer (stage T3b) with probable 
calcium encrustation on the surface of the intraluminal com- 
ponent (arrow). Note that the tumor enhances to a greater de- 
gree than the normal bladder wall, and contrast medium 
opacified the posterior bladder lumen (c). 


ever, CT is usually performed after cystoscopic evalua- 
tion only when the tumor may have been completely re- 
sected or deep biopsy performed. Bladder cancers invad- 
ing superficial and deep muscle usually produce some 
bladder wall thickening, but the distinction of T1, T2, 
and T3A lesions is impossible on CT. 

The most important role of CT is to distinguish tumors 
confined to the bladder wall from those that spread be- 
yond it. The region of the bladder wall known to be the 
site of tumor should therefore be scrutinized carefully. A 
smooth outer border suggests that the tumor is confined 
to the bladder wall even if the deep muscle is invaded, 
but an irregular, ill-defined outer edge with soft tissue 
stranding into the perivesical fat is highly suspicious of 
early perivesical disease, indicating a stage T3B lesion 
(Figs. 9.7, 9.12). Contrast enhancement of the tumor is 
helpful for detecting such early perivesical spread. With 
more advanced disease an obvious soft tissue mass may 
be seen extending beyond the bladder wall as well as in- 
filtrating strands of tumor tissue. 

Tumor spread to the pelvic side wall and anterior ab- 
dominal wall is important to detect because it increases 
the stage of the disease. Tumor enhancement as far as 
the rectus abdominis muscle and obturator internus 
muscle in direct contiguity with the primary tumor mass 
is indicative of stage T4B disease, and tumor may even be 
seen spreading into these muscles and enlarging them 
(Fig. 9.13). 

Invasion of adjacent organs may be difficult to identify 
with CT because there is no clear fat plane between the 
posterior bladder wall and such structures as the rectum, 
prostate, uterus cervix, and vagina. Tumor may there- 
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FIGURE 9.12. Bladder cancer in the anterior and right lateral walls showing (A) early perivesical spread on the right (arrow); and 


(B) more advanced perivesical tumor invasion. 


fore abut an organ without necessarily invading it (Fig. 
9.14). Important exceptions are the seminal vesicles, 
where there is a well defined fat angle between the ante- 
rior surface of the vesicles and the posterior bladder 
wall. The routine use of intravenous contrast medium 
has improved the detection of organ invasion.1,44,45 Di- 
rect tumor spread to seminal vesicles is indicated by 
obliteration of the fat angle by contrast-enhancing tu- 
mor (Fig. 9.15A, B). Obliteration of the seminal vesicle 
fat angle may also occur if the rectum is overdistended 
or if there is hyperemia around the bladder base due to 
coexistent infection.44 Occasionally contrast-enhancing 
tumor is seen spreading into the prostate gland and the 
seminal vesicles, but it is better delineated by MRI (Fig. 


A 


9.15C, D). For detection of tumor invasion of the vaginal 
vault, cervix, and uterus, attention should also be paid to 
the pattern of contrast enhancement: The normal 
uterus shows dense homogeneous enhancement, where- 
as tumor usually displays a more heterogeneous en- 
hancement pattern. 

There are several limitations and difficulties associ- 
ated with CT staging of bladder cancer. Because most tu- 
mors arise from the lateral bladder wall, axial CT is well 
suited to the detection of perivesical spread. However, in 
tumors arising in the region of the trigone or at the blad- 
der dome, axial slices are of limited value and errors in 
interpretation are likely to occur. For example, a bladder 
dome lesion is indistinguishable from the surrounding 


B 


FIGURE 9.13. (A) Locally advanced bladder cancer (stage 4B) extending to the left pelvic side wall. (B) note the rectus abdominis 


muscles anteriorly. 
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FIGURE 9.14. Large posterior bladder cancer is inseparable 
from the cervix uteri (c) posteriorly. Invasion of the cervix can- 
not be determined on this axial CT section. 
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bladder wall owing to partial volume averaging; the ap- 
pearances may erroneously suggest perivesical tumor 
(Fig. 9.2A, B). In male patients tumors involving the 
bladder base are frequently indistinguishable from the 
prostate gland, which is often enlarged in the elderly ow- 
ing to benign prostatic hypertrophy. These CT findings 
are therefore often confusing. Tumors at the bladder 
base may involve the ureteric orifices, leading to obstruc- 
tion and ureteric dilatation; on occasion a tumor is 
demonstrated extending into the proximal ureter grow- 
ing cranially (Fig. 9.16). Tumors arising in unusual sites 
(e.g., in a persistent urachus or in the neck of a bladder 
diverticulum) may also be difficult to assess (Fig. 9.17). 
Because most patients are scanned after clinical stag- 
ing at cystoscopy, edema of the bladder wall following 
biopsy or resection frequently leads to errors of overstag- 
ing.1,37,44-46 Thus early superficial lesions without inva- 


FIGURE 9.15. Male patient with a locally advanced bladder tu- 
mor arising in the bladder base and extending into the right 
seminal vesicle. (A&B) Right seminal vesicle (arrow). (C) Fur- 
ther possible spread inferiorly into the prostate. (D) A T2- 
weighted spin echo MRI scan (TR 4400 TE 85) confirms the 


presence of a low signal tumor extending from the posterior 
bladder wall into the seminal vesicles (arrow) and prostate. 
(Note the normal seminal vesicles and prostate, which nor- 
mally have a high signal intensity on T2-weighted images. (See 
also Chapter 13.) 


9. Computed Tomography of the Bladder 


169 


FIGURE 9.16. Large bladder tumor at the base extending into 
the left ureter (arrow). 


sion of the bladder wall may simulate deep infiltrating 
tumors with perivesical spread, as the edema not only in- 
volves the bladder wall but extends into the adjacent 
perivesical fat (Fig. 9.18). Understaging of perivesical 
disease results from the inability to detect microscopic 
and minimal tumor spread or to identify spread beyond 
the bladder wall in tumors at the bladder base and 
dome. Understaging errors may also result from prob- 


lems of diagnosing early adjacent organ invasion. 
1,37,44-46 


Lymph Nodes 


The detection of lymph node involvement is critical to 
patient management and is an important prognostic in- 
dicator. Until the introduction of CT, lymphography 
played a key role in the detection of lymph node metas- 


FIGURE 9.17. CT scan shows an anterior extravesical urachal tu- 
mor. 


B 


FIGURE 9.18. CT scans of the bladder following resection of a 
stage T2 tumor. (A) Within 7 days of complete resection. 
(B) At 4 weeks after resection. No treatment was given between 
the two scans. Note the edema of the left bladder wall, simulat- 
ing perivesical tumor spread in (A). 


tases from bladder cancer.37.47 Lymphography demon- 
strates the internal architecture of lymph nodes, which is 
a significant advantage in bladder cancer because tumor 
deposits often replace a node without causing significant 
enlargement. Thus lymphography may identify metas- 
tases in normal-size nodes that cannot be detected on 
CT. A major disadvantage of lymphography is that the 
obturator lymph nodes, which are frequently the first de- 
tectable sites of nodal spread, are inconsistently opaci- 
fied. Furthermore, the technique is unpleasant for the 
patient, difficult to perform, and time-consuming. The 
overall accuracy of lymphography compared with CT for 
staging nodal metastases from pelvic tumors is similar, 
and lymphography has now been superceded by CT and 
MRI.46 

On CT enlarged lymph nodes (up to 2 cm) generally 
have uniform soft tissue density (Fig. 9.19). After injec- 
tion of intravenous contrast medium, lymph node metas- 
tases from bladder cancer usually show some enhance- 
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FIGURE 9.19. Large stage T3b bladder cancer with bilateral en- 
larged lymph nodes in the obturator chains representing nodal 
metastases. 


ment. The degree of enhancement varies, presumably 
reflecting the vascularity of the tumor. In one patient we 
demonstrated extremely intense enhancement of nodal 
metastases in a high grade anaplastic carcinoma (Fig. 
9.20). Large lymph node deposits may show peripheral 
enhancement with central areas of low density represent- 
ing necrosis (Fig. 9.21). 

Minimal degrees of lymphadenopathy are important 
to detect, and any lymph node larger than 8 mm diame- 
ter should be regarded as suspicious.48 The shape of the 
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FIGURE 9.20. Anaplastic bladder cancer in a 49-year-old woman 
before multiagent chemotherapy (A) and after four courses of 
chemotherapy 3 months later (B). Note the enlarged intensely 
enhancing lymph node in the left groin (arrow), which has al- 
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node may also be important, a spherical node being 
more than likely to be tumor-containing than an ellipti- 
cal node.49 Such information is better determined by 
MRI, although reformatted spiral (helical) CT should 
also be able to demonstrate the shape of lymph nodes. 
When attempting to diagnose such minimal degrees of 
lymphadenopathy, it is important to assess the symmetry 
of the pelvic vessels along the pelvic side walls. However, 
caution should be exercised when interpreting asymme- 
try because elderly patients may have ectatic vessels that 
mimic enlarged nodes (Fig. 9.5).50 The obturator lymph 
nodes are the most common site of involvement on CT 
(Figs. 9.19, 9.21), but other frequent sites include the ex- 
ternal iliac and common iliac chains. Retroperitoneal 
and even mediastinal lymph node involvement may be 
seen in patients with advanced disease. Such extensive 
nodal involvement is usually observed during the later 
stages of disease rather than at presentation. 


Distant Metastases 


The most common sites of hematogenous spread are 
bone, lungs, and liver. The pelvis is the most common 
site of bone involvement, and these metastases are usu- 
ally lytic lesions (Fig. 9.20A). Liver and lung metastases 
are similar to deposits seen with other primary cancers, 
and there are no characteristic features to distinguish 
them from other tumor types. Although the liver is 
scanned routinely at the time of staging, it is not consid- 
ered necessary to scan the chest, as the presence of 
metastases in the lungs or mediastinum at the time of di- 
agnosis is rare and chest radiographs are considered suf- 
ficient for screening. 


B 


most completely resolved on chemotherapy. Also note an en- 
hancing bone metastasis (black arrow) in the left superior pu- 
bic ramus, which has also responded to treatment. 


9. Computed Tomography of the Bladder 


FIGURE 9.21. A 2.5 cm peripherally enhancing lymph node 
(large arrow) with a necrotic center in the left obturator chain 
in a patient with advanced T3b disease. Note the dilated left 
ureter (small arrow). 


Accuracy of Staging 
Primary Tumor 


It is well established that CT is inaccurate for staging 
early tumors (TIS-T3A) and therefore should not be 
used to assess the bladder in these patients. In patients 
with suspected perivesical spread and more advanced 
disease, however, CT plays an important role in staging. 
In one of the first studies comparing the accuracy of CT 
with clinical staging for bladder cancer, reported during 
the late 1970s, we showed that CT can play a useful role 
in distinguishing T3A from T3B disease.37 By the late 
1980s several other studies had been reported, revealing 
an accuracy range of 40—85%.38,39,41-44,47,51 This wide 
range of results reflects the differences in study design 
and the equipment used, the techniques employed, and 
the experience and expertise of the observers. The selec- 
tion of patients also had a significant impact on results. 
For example, in some studies CT was evaluated following 
radiotherapy or immediately after TUR. These factors 
led to errors of overstaging. For example, Vock et al.47 re- 
ported overstaging in 18% of patients, all of whom had 
undergone treatment with radiotherapy before CT stag- 
ing. In our study, reported by Kellett et al.,5! 2 of 14 pa- 
tients (14%) were overstaged after treatment with radio- 
therapy. Errors of understaging usually represent 
difficulty detecting perivesical spread and organ inva- 
sion; errors were probably greater in the early studies 
than they are today. For example, Weinerman et al.52 re- 
ported understaging of extravesical invasion in four of 
six patients with histologic evidence of minimal perivest- 
cal disease. In patients with locally advanced disease, 
however, CT is accurate in more than 90% of patients; 
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therefore the range of accuracy reported also reflects the 
number of patients with advanced disease in the 
study.1,43 Studies comparing the accuracy of CT with that 
of MRI have shown a similar range of accuracy for CT de- 
spite advances in scanner technology.!.40-45 Patients with 
superficial lesions and those with advanced disease have 
been included in the studies; hence when each patho- 
logic stage is analyzed separately, it is not surprising that 
the results of CT have been poor. For example, we re- 
ported a series of 30 patients from the Royal Marsden 
Hospital for whom MRI and CT were compared. We 
grouped patients with Ta—T3a together and found MRI 
and CT to be equally accurate, with an accuracy of 80% 
for distinguishing tumors confined to the bladder from 
those showing perivesical spread.! Kim et al.45 reported 
an overall accuracy of CT of only 55% when each stage 
was separately analyzed; but in their study 11 of 29 pa- 
tients had tumors staged pT0-pT2. MRI proved better 
than CT for distinguishing these early tumors, with an 
overall accuracy of 75%, but even so considerable limita- 
tions of MRI were encountered. When grouping Ta-T3a 
together versus T3b-T4, the overall accuracy of CT im- 
proved to 83% and that of MRI to 89%. These differ- 
ences were not statistically significant. 

Overall MRI is regarded as superior to CT for staging 
bladder cancer, but in many patients with obvious extra- 
vesical disease staging by the two techniques is similar. 
MRI has the advantage of demonstrating perivesical ex- 
tension and organ invasion better. than CT, but this abil- 
ity does not necessarily lead to upstaging of disease in all 
patients. 


Lymph Nodes 


The accuracy of CT for detecting lymph node deposits in 
pelvic cancers ranges from 70% to 92%39.53 and is there- 
fore comparable to the results of lymphography, which 
ranges from 48% to 94%.54.55 The sensitivity of CT is 
generally lower than the specificity because of the inabil- 
ity to identify microscopic nodal deposits in normal or 
only minimally enlarged nodes; false-negative rates as 
high as 40% have been recorded.39 The false-positive 
rate is lower, and in some studies a specificity of 100% 
has been achieved.56 Comparison of nodal staging of CT 
with MRI shows that the two techniques are similar, with 
accuracies ranging between 80% and 98%.40.43,44 It 
should be remembered that in most studies few patients 
have involved nodes, thus biasing the results. The results 
of CT can be improved further by undertaking fine- 
needle aspiration of nodes 8 mm in diameter (or 
greater) that are considered suspicious.57 


Radiotherapy Treatment Planning 


For patients selected for external beam irradiation, CT 
plays an important role in determining tumor extent, 
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providing an accurate cross-sectional display of the tu- 
mor and related normal anatomy. CT and radiotherapy 
planning is required only if small volume radical treat- 
ment is to be given. The target volume should include a 
1.5-2.0 cm margin around the bladder, and such tumor 
extension as is detected by CT. The patient empties his 
or her bladder before the CT examination and before 
treatment on each day to ensure that the tumor remains 
within the planned treatment volume. A skin tattoo is 
placed over the symphysis pubis and marked with bar- 
ium paste; two additional lateral tattoos are placed over 
the iliac crests. The patient is scanned in the treatment 
position with the bladder full for diagnostic purposes. 
The bladder is then emptied and the CT examination re- 
peated, ensuring that the whole body contour is con- 
tained within the field of view. Using the CT planning in- 
tegrated system, the image through the center of the 
tumor/bladder is used to obtain the patient’s body con- 
tour, the treatment volume, and localization of the rec- 
tum and femoral heads. CT sections at various levels are 
used to verify that the tumor is encompassed within the 
planned volume throughout its length (Fig. 9.22) .58,59 
During the late 1970s and early 1980s several studies 
compared conventional tumor localization with CT inte- 
grated planning and demonstrated the superiority of CT 
integrated planning over conventional techniques.58,59 
Rothwell et al. in 198560 demonstrated a significant im- 
provement in survival of patients in whom the tumor re- 
ceived 90% or more of the prescribed dose, as delin- 
eated by CT, compared with those patients who had not 
undergone accurate tumor localization. The informa- 
tion derived from MRI is currently being investigated for 
radiotherapy planning purposes. There is little doubt 
that the additional information derived from MRI in the 
coronal and sagittal planes, when integrated into radio- 
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therapy planning, can increase the accuracy of radio- 
therapy planning still further. 


Posttreatment Evaluation 


After treatment with radiotherapy, chemotherapy, or cys- 
tectomy, CT may be required for restaging or to identify 
a recurrence in patients suspected of harboring progres- 
sive disease. Pelvic radiotherapy induces significant dam- 
age in 5-10% of patients.61 Immediately following radio- 
therapy to the bladder, the bladder wall becomes 
edematous and thickened. This bladder wall thickening 
is usually concentric and is associated with edema of the 
perivesical fat and subcutaneous tissues.62,63 Edema is 
recognized on CT as a generalized increase in the den- 
sity of the perivesical fat, in which definite soft tissue 
stranding can be visualized. After about 3 months the 
edema within the pelvic tissues subsides and is eventually 
replaced by fibrosis. Fibrosis and edema cannot be dis- 
tinguished on CT, and the bladder wall remains thick- 
ened and of soft tissue density (Fig. 9.23).47.51,61 Some 
enhancement of the fibrotic bladder wall follows injec- 
tion of intravenous contrast medium, but it is not possi- 
ble on CT to distinguish edema, fibrosis, or recurrent or 
persistent tumor on the basis of the CT attenuation val- 
ues. Radiotherapy also affects other structures within the 
planning field, the bowel being the most susceptible or- 
gan.62 Thus it is not uncommon to observe thickening of 
the rectal and colonic wall following radiotherapy to- 
gether with thickening of the perirectal fascia. In the 
long term, as in the bladder wall, edema and inflamma- 
tion of the bowel wall are followed by fibrosis. Another 
late effect is an increase in the amount of perirectal adi- 
pose tissue associated with an increase in the presacral 
space.63 Against this background of radiotherapy change 
it is often difficult to assess the response to treatment 
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FIGURE 9.22. Radiotherapy treatment plans using the integrated CT planning system. (A) Tumor and treatment volume and the 
body contour and rectum are outlined. (B) Proposed treatment beams applied, showing isodose curves. 
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FIGURE 9.23. Postradiotherapy changes in the pelvis in a pa- 
tient after radical treatment for bladder cancer. Note concen- 
tric thickening of the bladder wall, thickening of the perirectal 
issues, and thickening of the rectum. 


and the presence of recurrence even if the initial tumor 
was Clearly delineated. 

Multiagent systemic chemotherapy using cisplatin/ 
methotrexate-based regimens is currently employed in 
patients with inoperable advanced local disease, and CT 
is an ideal method of follow-up. An objective response to 
treatment is achieved in up to 50% of patients.64 CT 
shows reduction in tumor volume, and 1n some patients 
complete resolution of tumor is observed. 

In the United States and much of western Europe, rad- 
ical cystectomy is the most common treatment for 
muscle-invasive disease. Radical cystectomy, with removal 
of contiguous organs en bloc, is usually performed to- 
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gether with bilateral pelvic lymph node dissection. After 
this radical surgical approach most patients relapse with 
metastases at distant sites, but local pelvic recurrence oc- 
curs in only about 10%. CT is useful for detecting re- 
lapse lesions in the pelvis and other sites (Fig. 9.24). 
When undertaking CT in such patients it is important to 
be familiar with previous surgical details to avoid prob- 
lems of interpretation. 


Other Tumors of the Bladder 


Primary tumors, such as non-Hodgkin’s lymphoma and 
pheochromocytoma, may arise in the bladder wall.65,66 
On CT they may be indistinguishable from bladder can- 
cer, and the diagnosis is made only at biopsy or in light 
of the clinical manifestations of disease. Primary lym- 
phoma of the bladder usually presents as a large pelvic 
mass involving all bladder wall surfaces (Fig. 9.25). The 
mass has a soft tissue density; and although it may be in- 
distinguishable from advanced primary bladder can- 
cer,65 generally the size of the mass and the presence of 
disseminated disease permit distinction from primary 
bladder cancer. Most patients referred for CT have al- 
ready undergone biopsy, and non-Hodgkin’s lymphoma 
has been diagnosed. CT is then used for staging and fol- 
low-up purposes, most patients showing an excellent re- 
sponse to therapy. Secondary involvement of the blad- 
der by lymphoma may occur, representing direct spread 
from grossly involved pelvic lymph nodes. Metastases 
may also develop within the bladder wall, the extralumi- 
nal component often being more obvious than the in- 
traluminal mass, providing a clue to the diagnosis in 
patients with known disseminated disease due to can- 
cers such as malignant melanoma®’ and breast cancer 


(Fig. 9.26). 


FIGURE 9.24. Tumor relapse is on the right pelvic side wall (ar- 
row) after radical radiotherapy followed by cystectomy for ad- 
vanced bladder cancer. 


FIGURE 9.25. Primary non-Hodgkin’s lymphoma of the blad- 
der. Note the large mass involving the major part of the blad- 
der lumen. The small remaining lumen is shown only by opaci- 
fication of the urine. 
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FIGURE 9.26. Metastasis to the bladder wall from disseminated 
carcinoma of the breast. The appearance is similar to that of a 
primary bladder tumor. 


Computed tomography may be required to evaluate 
patients with malignant masses invading the bladder, 
such as primary carcinoma of the cervix and carcinoma 
of the rectum. The mass may abut the bladder wall with- 
out invading it, producing an inflammatory reaction 
within the bladder wall; or it may invade through the 
muscle layer and mucosa into the bladder lumen. The 
distinction between invasion of the bladder and inflam- 
mation of the bladder wall may be impossible on CT, but 
demonstration of nodular serrations within the bladder 
lumen is good evidence of tumor penetration. In the ab- 
sence of recent catheterization or a gas-forming infec- 
tion, the presence of gas within the bladder indicates a 
fistula, although it is not always possible to identify the 
site of the fistula on axial CT sections (Fig. 9.27). 


FIGURE 9.27. Large primary carcinoma of the sigmoid colon 
invading the bladder. Note air within the mass and within the 
bladder lumen, indicating a fistulous track between the blad- 
der and the colon. 
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Conclusions 


Computed tomography plays a key role in the evaluation 
of urinary bladder neoplasms. It remains an important 
technique for staging bladder cancer in patients with in- 
vasive tumors and has an important role in radiotherapy 
planning. Although the technique has been shown to be 
inferior to MRI for overall staging of bladder cancer, it is 
readily available and fast; and assessment of the chest, 
abdomen, and pelvis can readily be undertaken at the 
same examination. Although MRI is developing rapidly 
and abdominal scanning is now of high quality, the lim- 
ited availability of MRI for body imaging remains an im- 
portant problem. In the author’s view there is little 
doubt that CT will remain an important technique for 
the staging and follow-up of pelvic malignancy for sev- 
eral years to come. 
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Imaging of the Benign Conditions 
of the Prostate and Seminal Vesicles 


Javier Casillas 


Benign Prostatic Hyperplasia 


In this chapter we present an overview of diagnostic 
imaging procedures of a variety of benign conditions of 
the prostate and seminal vesicles starting with benign 
prostatic hyperplasia, a very common and clinically im- 
portant urologic problem. Benign prostatic hyperplasia 
(BPH), also called nodular hyperplasia, benign prostatic 
hypertrophy, adenomatous hypertrophy, and glandular 
and stromal hyperplasia, is a common but poorly under- 
stood prostatic abnormality. Although unproved, the 
clinical disease is most likely a florid example of the nor- 
mal aging process of an organ that depends on tropic 
hormones for its normal maintenance.! 

The prostate grows slowly between birth and puberty. 
At puberty it increases rapidly in size, and growth contin- 
ues until the end of the third decade. Prostate size then 
remains fairly constant until the middle of the fifth 
decade, at which time there may be a progressive in- 
crease in volume owing to benign hypertrophy or grad- 
ual shrinkage in volume due to atrophy. If atrophy is pro- 
gressive, the glandular zone is affected, and the prostate 
becomes more fibrous with advancing age.2 


Etiology and Pathogenesis 


The etiology and pathogenesis of BPH are poorly under- 
stood, and only two essential factors have been estab- 
lished: (1) a source of testosterone (the testis); and 
(2) advancing age. Certain facts are known: Clinical pro- 
statism does not occur in men who have been castrated 
prior to puberty; the clinical disease has occasionally re- 
gressed following castration; and testosterone and its 
metabolites are essential for the normal development 
and maintenance of the organ.! 

Approximately 95% of cases of BPH arise from the 
transition zone and 5% from periurethral glandular tis- 
sue.3 The histologic changes of nodular hyperplasia con- 
stitute various combinations of glandular and stromal 


proliferation, almost always accompanied by some de- 
gree of atrophy and involution.! In any individual case, 
glandular or stromal proliferation may predominate but 
pure histologic patterns are the exception; and subclassi- 
fication into fibromuscular, muscular fibroadenoma- 
tous, fibromyoadenomatous, and stromal types of nodu- 
lar hyperplasia has little practical value.!.4 Cysts are not 
uncommon; and prostatic stones, foci of hemorrhage, 
and infarcts have been observed.! 


Incidence 


It has been stated that the prostate is the most frequently 
diseased organ in men because of the high incidence of 
BPH and prostatic cancer; however, BPH is rare in men 
younger than 40 years of age. Its incidence increases 
rapidly thereafter, with pathologic changes of this disor- 
der becoming evident in 50% of men during the fifth 
decade of life and in 90% of men by age 90.45 


Clinical Manifestations 


The most common cause of bladder outlet obstruction 
in men is BPH (Table 10.1). The clinical manifestations 
of BPH result from its secondary effects on the urethra, 
bladder, and kidneys. The size and location of the nod- 
ules are important. The symptoms associated with BPH 
have been documented for many years, but it is a com- 
mon clinical observation that these symptoms do not al- 
ways correlate with the severity of the obstruction. The 
symptoms of BPH are often referred to as “prostatism” 
and have been divided into obstructive and irritative 
symptoms. 

The obstructive symptoms are (1) poor force of the 
urinary stream; (2) hesitancy when initiating urination; 
(3) inability to terminate urination abruptly, with post- 
voiding dribbling; (4) sensation of incomplete emptying 
of the bladder; and (5) acute urinary retention. These 
symptoms are most likely due to bladder outlet obstruc- 
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TABLE 10.1. Causes of bladder outlet obstruction in adult men. 


Common causes 
Benign prostatic hyperplasia 
Prostate carcinoma 
Bladder neck obstruction from fibrosis or contracture 
Urethral stricture 
Bladder carcinoma 
Neurogenic bladder with detrusor—external sphincter dyssynergia 


Uncommon causes 
Other prostatic tumors: squamous carcinoma, transitional cell 
carcinoma, rhabdomyosarcoma, lymphoma, leukemia 
Prostatitis 
Seminal vesiculitis or seminal vesicle tumor 
Neurogenic bladder with detrusor-smooth muscle sphincter 


dyssynergia 


Extension from extravesical neoplasms 


tion with some associated impairment of bladder con- 
tractibility. Irritative symptoms include frequency, noc- 
turia, urgency, urge incontinence, and burning or pain 
during urination. Development of bladder instability 
with uninhibited bladder contractions and decreased 
bladder compliance probably explain the pathophysiol- 
ogy of some of these irritative symptoms, which are usu- 
ally relieved by a-blocker agents. 

Acute urinary retention, defined as the sudden onset 
of a complete inability to void (Fig. 10.1), may represent 


A 


FIGURE 10.1. (A) Patient presenting with acute urinary reten- 
tion. Note the large soft tissue pelvic mass in the plain radio- 
graph representing a huge bladder (arrows). (B) Film from 
IVU shows a large intraluminal defect in the bladder from an 
enlarged prostate with intravesical growth. Note the bilateral 
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the last stage of progressive urinary obstruction or may 
be acute, often precipitated by alcohol ingestion or by 
medication with a-adrenergic drugs (e.g., over-the- 
counter cold remedies) or antidepressant, anticholiner- 
gic, or tranquilizer drugs. Acute urinary retention repre- 
sented a formal indication for prostatectomy until 
the development of effective a-adrenergic blocking 
agents.2,4,6 


Radiologic Evaluation 
Intravenous Urography 


Evaluation of patients with BPH should be performed in 
a cost-conscious manner. Routine use of intravenous 
urography (IVU) is not indicated and should be re- 
served for particular clinical settings, such as hematuria 
and urinary tract stones. The scout film of the urogram 
can demonstrate prostatic hyperplasia if prostatic calculi 
are visible superior to the pelvic brim and can demon- 
strate bladder calculi (Fig. 10.2).5 It must be emphasized 
that the presence of prostatic calculi does not correlate 
with the presence or absence of BPH. 

Enlargement of the prostate can cause a horizontal 
orientation to the normally downward course of the dis- 
tal ureter (“squaring”) or the typical “J-hooking,” or 
“fish-hook,” deformity on the urogram (Fig. 10.3). Many 


K 
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hydronephrosis and the tortuous course of the ureters. Follow- 
ing Foley catheter placement there was a dramatic decrease in 
the size of the bladder as well as significant decompression of 
the renal collecting systems and ureters. 
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FIGURE 10.2. Plain radiograph showing prostatic calculi visible 
superior to the symphysis pubis, consistent with prostatic en- 
largement. 


of the other changes result from bladder outlet obstruc- 
tion secondary to BPH rather than from prostate en- 
largement alone. Upper tract changes include hy- 
dronephrosis, ureteral tortuosity, and hypoperistalsis. 
Lower tract changes include increased bladder capacity, 
a thickened bladder wall (normal 3 mm), trabeculation, 
cellule and diverticulum formation, and elevation of the 
bladder base (Fig. 10.4).5 With a progressive increase in 
prostatic size, urinary retention symptoms may worsen. If 


FIGURE 10.3. Film from IVU showing the typical J-hooking, or 
fish-hook, deformity of the distal ureters caused by elevation of 
the trigone by an enlarged prostate. 
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the prostate growth is slow, the patient may adapt gradu- 
ally to the changes in voiding patterns and be unaware of 
the disorder. This “silent prostatism” produces signs sec- 
ondary to outflow obstruction, a large lower abdominal 
mass (the unemptied bladder) (Fig. 10.1), laboratory re- 
sults indicating abnormal renal function (elevated blood 
urea nitrogen and serum creatinine), and in some cases 
anemia due to renal insufficiency. 

Although lack of a postvoid residual does not imply the 
absence of outlet obstruction, its presence may not accu- 
rately reflect the degree of obstruction.5 The delay be- 
tween voiding and exposure of the postvoid radiograph 
allows time for urine to accumulate, particularly with con- 
trast diuresis. Because of the variation in bladder shapes, 
estimation of bladder volume from a single anteroposte- 
rior (AP) film has been shown to correlate poorly with ul- 
trasound determinations or catheterized volumes” (see 
Chapter 3). Some patients cannot void normally in the 
radiology department because of psychological inhibi- 
tion, creating the spurious impression of a large urine 
residual on the postvoid film. Estimates of prostatic size 
can be misleading on IVU. The characteristic semilunar 
intravesical filling defect, or “sunset sign,” associated with 
an enlarged “endoscopic” median lobe can be confused 
with other causes, such as bladder tumor, blood clot, or 
even a Foley catheter balloon (Fig. 10.5A). Alternatively, 
significant enlargement of the “endoscopic” lateral lobes 
is commonly underrepresented on the [VU.5.8 The AP ra- 


FIGURE 10.4. Elevation of the base of the bladder by an en- 
larged prostate from BPH. Note also the thickened bladder 
wall with trabeculation. 
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FIGURE 10.5 (A) Intravesical growth of a “median” lobe of the prostate causing a smooth, rounded filling defect that could be 
confused with a Foley catheter balloon on perfunctory inspection of the film. (B) Oblique view of [VU in another patient depict- 
ing an enlarged prostate from BPH and fish-hooking of the distal ureter. 


diograph is unreliable for determining the elevation of 
the bladder base in its posteroinferior aspect due to pro- 
static enlargement. Oblique films coned down to the 
bladder are better for evaluating prostatic size and distal 
ureteral distortion (Fig. 10.5B). 


Voiding Cystourethrography/Retrograde Urethrography 


The voiding cystourethrogram (VCUG) can be used to 
look for vesicoureteric reflux, to estimate the length of 
the prostatic urethra, and to demonstrate bladder diver- 
ticula not opacified by IVU. On the retrograde urethro- 
gram (RUG), enlargement of the “endoscopic” lateral 
lobes creates “spreading” (i.e., a slit-like image in the AP 
view and widening on the lateral or oblique view) (Fig. 
10.6). Enlargement of the “endoscopic” median lobe 
causes anterior angulation of the proximal urethra and 
bladder neck. These findings are interesting radiologi- 
cally but have little practical importance. The main use 
of retrograde urethrography is to look for urethral stric- 
ture disease, bladder neck contracture, or residual tissue 
in the postprostatectomy patient.5 


Sonography 
Conventional Transabdominal Ultrasonography 


The conventional transabdominal ultrasound scan using 
the urine-filled bladder as a sonic window is useful for 
determining the size and shape of the prostate. A 3.5 
MHz transducer is used with a suprapubic approach to 
obtain transverse and longitudinal views of the prostate 
(Fig. 10.7). Echogenic foci (calcifications) may be seen 
in the prostate. Circumscribed or poorly defined focal 
lesions may not be clearly seen, and the prostatic zonal 
anatomy cannot be discerned. A transperineal approach 
placing the transducer in the perineum and angling 


cephalad is particularly useful for guiding prostatic biop- 
sies in patients with previous abdominoperineal resec- 
tion in whom the transrectal technique is not feasible. A 
transurethral endoscopic approach for prostatic sonog- 
raphy is significantly more invasive and has not demon- 
strated any advantage over the transrectal ultrasound 
technique. 


Transrectal Ultrasonography 


Because of the great technical advances in image quality, 
its ready availability, and its minimally invasive nature 
with relatively low cost, transrectal ultrasonography 
(TRUS) has evolved into the imaging modality of choice 
for evaluating the prostate gland. Although most TRUS 
examinations are related to prostatic cancer (see Chap- 


FIGURE 10.6. Elongation and widening of the posterior urethra 
caused by enlargement of the classic “lateral” lobes of the 
prostate as seen in the oblique projection of the urethrogram. 
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FIGURE 10.7. (A) Transabdominal ultrasonography. Longitu- 
dinal view of the enlarged prostate (arrow) using the urine- 
filled bladder as a transonic window. (B&C) Transabdominal 
ultrasound scans with transverse (B) and longitudinal (C) 
views demonstrating a bilobed fairly echogenic mass repre- 
senting marked intravesical prostatic enlargement in a patient 
with a large postvoid residual. 


ter 12), there are other indications as well: prostatism, 
inflammatory conditions, pelvic pain (perineal, suprapu- 
bic, or rectal), hematospermia, and infertility (see Chap- 
ter 25). 

The sonographic appearance of BPH varies depend- 
ing on the histopathologic changes. Typically, the cen- 
tral gland enlarges with BPH. Often with BPH the inner 
gland remains hypoechoic compared with the periph- 
eral gland, although depending on admixture of glandu- 
lar and stromal elements the echotexture may become 
heterogeneous or even hyperechoic.3 Hypoechoic or 
heterogeneous well defined nodules involving the peri- 
urethral regions may be seen. Single or multiple lesions 
can be identified (Fig. 10.8). 

Occasionally BPH compresses the central and periph- 
eral zones to only a few millimeters in thickness. The 
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“surgical capsule” is the line of demarcation between the 
central BPH changes and the peripheral zone. Often a 
halo or hypoechoic rim surrounds the BPH nodules. 
Brightly echogenic foci representing calcifications may 
be seen in the periphery of the hyperplastic nodule and 
along the surgical capsule. Calculi may form from cor- 
pora amylacea, a proteinaceous material abundant in 
prostatic tissues. In normal young men there is usually 
no clear differentiation between the central and periph- 
eral gland. When BPH develops, however, those two ar- 
eas can usually be identified separately (Fig. 10.9). Focal 
BPH nodules can bulge the capsule of the gland or com- 
press the lateral margins, but they should not disrupt the 
capsule or periprostatic fat. If diffuse involvement with 
BPH is present, the zonal anatomy of the gland can no 
longer be identified.3-5.9 
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FIGURE 10.8. Transrectal ultrasonography (TRUS) of the 
prostate in the axial plane. Note the nodules of BPH and focal 
calcifications (arrows). 


Prostatic volume can be determined by TRUS accu- 
rately using the formula for a prolate ellipse: L X W X H 
X 0.523 (length X width X height). Volumes can easily 
be converted to weight because 1 ml of prostatic tissue is 
roughly equivalent to 1 g.3 


Computed Tomography 


Benign prostatic hyperplasia appears as a smoothly bor- 
dered infravesical mass on CT (Fig. 10.10). Not infre- 
quently, polycyclic protrusions into the floor of the blad- 
der can be seen. Like US, CT can estimate the prostate 
volume accurately. However, because of its cost, the radi- 
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FIGURE 10.9. Axial TRUS showing clear demarcation of the 
central (C) and peripheral gland (P). 


ation it produces, and the medical resources consumed, 
it is used infrequently as an imaging modality for BPH. 
CT attenuation values cannot be used to differentiate 
BPH from prostatic carcinoma; nor can CT reveal the in- 
ternal architecture of the gland. Therefore in the ab- 
sence of frank tumor invasion CT is of little value in de- 
termining the cause of prostatic enlargement.5.9 


Magnetic Resonance Imaging 


Magnetic resonance imaging is an excellent modality for 
evaluating the prostate because of its high soft tissue con- 
trast and ability to acquire direct multiplanar images. On 


FIGURE 10.10. Enlarged prostate appearing as an intravesical mass on CT scans. 
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Tl-weighted images the prostate appears homogeneous. 
Zonal anatomy cannot be identified. On T2-weighted 
images the signal intensity varies depending on the pre- 
dominant element in BPH and may be inhomogeneous 
or nodular (Fig. 10.11). Glandular hyperplasia may have 
a high signal intensity, and fibromuscular hyperplasia 
may have an intermediate to low signal intensity. Well 
differentiated prostate cancer similarly has a low signal 
intensity and may be difficult to distinguish from BPH, 
though most cancers are located in the peripheral zone 
rather than in the transition zone (see Chapter 13).5.9,10 

Magnetic resonance images with an endorectal coil in- 
crease resolution of the prostate. On T2-weighted im- 
ages a thin rim of low intensity tissue believed to be the 
prostatic capsule can be identified.!1 Endorectal surface 
coils are used mainly for staging prostatic carcinoma. 

As patients age, the distinction in zonal changes is 
more evident. The signal intensity of the central gland 
and peripheral zone increases with age, but more so in 
the peripheral zone. This change may be due to the in- 
creased stromal component of the transition zone com- 
pared to the glandular characteristics of the peripheral 
zone.5 MR imaging has also been shown to be a more ac- 
curate, albeit an expensive, method to evaluate prostatic 
size compared to US.10 


FIGURE 10.11. View of the prostate on T2-weighted MRI in the 
transverse plane showing inhomogeneous nodular BPH in the 
central gland (curved arrows) mostly in the right side displac- 
ing the urethra marked by a Foley catheter (arrowhead) 
slightly off the midline. Straight arrows indicate a prostatic car- 


cinoma in the peripheral zone invading the left neurovascular 
bundle. 


183 


Prostatic Cysts 


In general, US, especially TRUS, is the best modality for 
evaluating cystic lesions of the prostate. These lesions are 
a common incidental finding when TRUS is performed 
to evaluate the prostatic gland. CT and MRI are useful in 
those cases in which the characterization and origin of 
the cystic lesion is difficult to determine by US. 


Congenital Cysts (Mullerian Duct Cysts 
and Prostatic Utricle Cysts) 


Prostatic cysts are uncommon. They can be congenital or 
acquired. Most of the patients with prostatic cysts are 
asymptomatic. If the cysts are large or become infected, 
they may be symptomatic. Clinical features overlap and 
include a pelvic mass, obstructive and irritative urinary 
tract symptoms, hematuria, and suprapubic or rectal 
pain. Urine may pool in utricle cysts, occasionally result- 
ing in the distinctive clinical feature of postvoid drib- 
bling. 

Prostatic utricle cysts, as their name implies, are due to 
dilatation of the prostatic utricle. Mullerian duct cysts 
arise from remnants of the mullerian duct. Embryologi- 
cally, clinically, and radiologically, these two conditions 
are difficult to distinguish from one another. However, 
most investigators believe that they represent different 
entities. 12-16 

Mullerian duct cysts, commonly arising from the re- 
gion of the verumontanum, usually extend cephalad to 
the prostate gland (Fig. 10.12). Because the cephalic 
portion of the mullerian duct develops lateral to the 
midline, cysts developing from these remnants of the 
mullerian duct should extend slightly lateral to the mid- 
line. They can occur anywhere along the path of muller- 
ian duct regression, from scrotum to utricle. Prostatic 
utricle cysts, because they always arise from the utricule 
at the level of the verumontanum, should always be in 
the midline. Müllerian duct cysts typically extend well 
above the prostate gland and may occur as large pelvic 
masses. Utricle cysts, although variable in size, are usu- 
ally smaller than müllerian duct cysts and generally do 
not extend above the prostate gland!2-15 (Fig. 10.13). 
Müllerian duct cysts typically present during the third 
and fourth decades of life, whereas utricle cysts are most 
often detected earlier in life, typically during the first 
and second decades. 

The association of prostatic utricle cysts with a variety 
of genitourinary abnormalities has been well recog- 
nized, including hypospadias, incomplete testicular de- 
scent, and unilateral renal agenesis. Mullerian duct cysts 
have no such associations. This difference supports the 
notion that utricle cysts have a different embryologic ori- 
gin than mullerian duct cysts.12.13 
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FIGURE 10.13. Prostatic utricle cyst on CT (arrow). 
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FIGURE 10.12. Mullerian duct cyst incidentally found on a 60- 
year-old man. Transverse (A) and longitudinal (B) ultrasound 
scans show a cystic mass extending cephalad to the prostate 
gland (arrows). (C) Mullerian duct cyst opacified by contrast 
via transperineal needle injection. Clear fluid without sperma- 
tozoa was aspirated from the cyst. 


Endoscopic catheterization of the cystic utricle is the 
most direct and reliable means of diagnosing this en- 
tity.12.16 Utricle cysts usually contain white or brown fluid 
when aspirated and rarely contain spermatozoa. Müller- 
ian duct cysts, when aspirated, contain fluid that has 
been variously described as serous, mucoid, and clear 
brown or green. They never contain spermatozoa. Un- 
commonly, mullerian duct cysts and utricle cysts may 
contain pus or hemorrhage if infected. Either prostatic 
utricle or mullerian duct cysts may contain endometrial 
carcinoma, clear cell carcinoma, or squamous cell carci- 
noma, with a reported prevalence as high as 3%.12,17,18 


Kjaculatory Duct Cysts 


Fjaculatory duct cysts are associated with an obstruction 
of the ejaculatory duct that may be secondary to inflam- 
mation or congenital. These lesions appear as cystic 
masses along the expected course of the ejaculatory 


10. Imaging of the Benign Conditions of the Prostate and Seminal Vesicles 


duct. Small lesions are seen as intraprostatic masses in 
the central zone, just lateral to the midline at the base 
and midline at the level of the verumontanum. Large le- 
sions may simulate prostate utricle and mullerian duct 
cysts and extend cephalad to the prostate gland. Hemor- 
raghic fluid may be associated with infection. Aspiration 
of these masses yields spermatozoa if there is normal tes- 
ticular function. Calculi are commonly seen in the 
cysts. 12,13,19 Cystic dilatation of the seminal vesicle on the 
same side may also be evident.19 Imaging after injection 
of contrast material at the time of aspiration may show 
filling of the seminal vesicle.20,21 


Benign Prostatic Hyperplasia 
with Cystic Degeneration 


The BPH-associated cysts are by far the most commonly 
observed cystic lesions of the prostate gland (Fig. 10.14). 
Because they are associated with BPH they are typically 
located in the hyperplastic transitional zone and com- 
monly within hyperplastic nodules. Although the associ- 
ated BPH often results in obstructive uropathy, the cysts 
are usually small and rarely result in symptoms them- 
selves. They often contain white or amber corpora am- 
ylacea or calculi. They also may contain hemorrhagic 
fluid due to infarction and necrosis of hyperplastic nod- 
ules, 1,12,22 


Prostatic Retention Cysts 


Prostatic retention cysts result from dilatation of glandu- 
lar acini due to obstruction of the ductules. These cysts 
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FIGURE 10.14. Prostatic cyst (arrow) associated with BPH as 
seen by TRUS. 
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are l-2 cm in diameter and contain clear fluid that 
never demonstrates spermatozoa on aspiration.23 Com- 
mon during the fifth and sixth decades, they are rarely 
symptomatic. 

At ultrasound examination retention cysts have a 
smooth wall, are usually round and unilocular, and can 
occur in any zone of the prostate but typically away from 
the midline. They are identical in appearance to BPH 
cysts and if located in the transitional zone cannot be dis- 
tinguished from them. Diagnosis rests on their location 
in the peripheral zone or on a lack of other evidence of 
benign hyperplasia. 1!2.13,21 


Cavitary Prostatitis 


Chronic prostatitis leads to stagnation of exudate in 
ducts and acini. Prolonged stagnation results in fibrosis, 
which further constricts the ducts. As acini dilate, in- 
traacinar septa may become thin and break down, result- 
ing in the formation of cavities. The end result is a 
condition referred to as cavitary or diverticular pros- 
tatitis.12,22 

The sonographic appearance of cavitary prostatitis has 
been described as “swiss cheese prostate,” that is, multiple 
cysts of varying sizes distributed throughout the glandu- 
lar portions of the prostatic gland. Patients usually have a 
history of long-standing symptoms of genitourinary infec- 
tion. The extensive macrocystic change associated with 
BPH might have a similar appearance, but the clinical 
history of a long-standing prostatic inflammatory condi- 
tion is suggestive of a diagnosis of cavitary prostatitis. 


Prostatic Abscess 


Patients with prostatic abscess usually have the typical 
signs and symptoms of acute bacterial prostatitis, which 
may include fever, chills, urinary obstruction of recent 
onset with perineal pain, difficulty voiding, dysuria, and 
hematuria. Fifty percent of reported cases are in patients 
with diabetes mellitis. They usually develop after compli- 
cations of instrumentation, such as cystoscopy, or after 
surgery, especially after transurethral resection of the 
prostate (TURP). In these patients the abscess usually 
develops in the central gland. Most patients with pros- 
tatic abscess are in the fifth or sixth decade of life. In in- 
fants and children it can be confused with sarcomas clin- 
ically. Escherichia coli is the most common organism 
found. The prostate gland is enlarged, often focally, and 
is tender on digital examination. The abscess may in- 
volve any portion of the prostatic gland. On US these le- 
sions appear as focal hypoechoic or anechoic masses, 
suggesting fluid contents with thickened or irregular 
walls, septations, or internal echoes. The diagnosis rests 
heavily on the clinical picture. Confirmation of the diag- 
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nosis can be obtained with fine-needle aspiration under 
ultrasound guidance.!? 


Defect from Transurethral Resection 
of the Prostate Gland 


The defect resulting from the transurethral resection of 
prostatic tissue (TURP) from around the proximal ure- 
thra is commonly observed and should not be mistaken 
for a cystic mass on TRUS. On transverse images ob- 
tained through the base of the prostate gland, the defect 
appears as a cystic “mass” in the midline and can even 
simulate the appearance of some of the lesions already 
discussed. The mass is easily identified as a surgical de- 
fect on the midline sagittal view, where it appears as a 
funnel-shaped fluid collection, with its wide end commu- 
nicating with the bladder and its narrow end communi- 
cating with the prostatic urethra.412 


Summary 


The differential diagnosis of cystic lesion of the prostate 
gland can be difficult. A helpful starting place is to cate- 
gorize the lesion as near the midline or away from the 


midline (Table 10.2). 


Prostatitis 


Prostatitis is a common entity. Conditions that fall into 
this category include acute and chronic bacterial prosta- 
titis and nonbacterial prostatitis. Bacterial prostatitis is by 
definition associated with bacteriuria. 


Acute Bacterial Prostatitis 


The common strains of Escherichia colt predominate in 
bacterial prostatitis. Infections may also be caused by 
Klebsiella, Enterobacter, Pseudomonas, Serratia, and other 


TABLE 10.2. Differential diagnosis of cystic lesions of the 
prostatic region based on location. 


Midline location 
Prostate utricle cyst 
Mullerian duct cyst 
TURP defect 
Abscess 


Nonmidline location 
Cysts of benign prostatic hyperplasia 
Retention cysts 
Abscess 
Seminal vesicle cyst 
Fjaculatory duct cyst! 
Vas deferens cyst 


Modified from Nghiem et al.,!2 with permission. 
‘Ejaculatory duct cysts and vas deferens cysts appear to be in the mid- 
line in some patients. 
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gram-negative coliforms. The patients present with acute 
onset of fever, low and perineal pain, urinary frequency 
and urgency, dysuria, and fatigue. This entity is fre- 
quently associated with bacterial cystitis. The bacteria 
usually invade the prostate by (1) ascending urethral in- 
fection (urethritis); (2) reflux of infected urine into the 
prostatic ducts, which empty into the posterior urethra; 
or (3) invasion of rectal bacteria by direct lymphatic or 
hematogeneous spread.? 


Chronic Bacterial Prostatitis 


Most patients have no history of an acute inflammatory 
episode, although it can be a sequela of acute bacterial 
prostatitis. Most of the patients experience voiding symp- 
toms (urgency, frequency, nocturia) as well as pelvic and 
low back pain. However, the diagnosis may be incidental, 
based on finding bacteria in the urine. Chronic bacterial 
prostatitis is identified by recurring urinary tract infec- 
tions caused by the same organism. 

Prostatic calculi can be seen in the prostates of most 
men. The calculi are usually small but may be in clusters. 
In patients with chronic prostatitis large calculi may 
been seen. These calculi may get infected and serve as a 
reservoir for persistent and relapsing bacterial urinary 
tract infections. 


Nonbacterial Prostatitis 


Nonbacterial prostatitis is the most common inflamma- 
tion disorder of the prostate.2 These patients may pre- 
sent with urgency, frequency, dysuria, pelvic or suprapu- 
bic pain, and low back discomfort. Pain after ejaculation 
has been reported. Rectal examination is not diagnostic. 
The urinary and prostatic cultures are usually negative. 
Leukocytes and macrophages are increased in the 
prostate secretions. Chlamydia trachomatis has been impli- 
cated as a causative organism in some cases of nonbacte- 
rial prostatitis. 


Imaging Studies 


Most cases of prostatitis are not imaged. Due to the ex- 
cellent demonstration of the intrinsic anatomy of the 
prostate, its cost, and its availability, TRUS has become 
the imaging modality of choice to evaluate patients with 
persistent symptoms if there is suspicion of abscess devel- 
opment. 

Griffiths et al. reported a prospective study using 
TRUS to image prostatitis in 40 patients with clinical 
symptoms and signs of prostatic inflammation. Three 
main sonographic features were identified: (1) an echo- 
poor halo in the periurethral area in all cases; (2) multi- 
ple echo-poor areas within the gland in 80% of the cases 
(histologically these areas represented areas of edema 
and necrosis and were observed predominantly in the 
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FIGURE 10.15. Chronic prostatitis seen on TRUS. Note the het- 
erogeneous echotexture. 


peripheral zone); and (3) enlargement of the peripro- 
static veins in 20% of the patients. These veins are 
demonstrated sonographically as curvilinear echo-free 
areas adjacent to the prostate.24 

Color Doppler US may help to detect increased vascu- 
larity during the acute phase of prostatitis. The focal or 
diffuse hypo- or hyperechoic areas that can be seen are 
difficult to differentiate from carcinoma. 

With chronic prostatitis the TRUS findings are vari- 
able, usually showing a heterogeneous echotexture with 
an irregular appearance resulting in difficulty with the 
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diagnosis (Fig. 10.15). Dystrophic calcifications can de- 
velop in the peripheral gland owing to chronic inflam- 
mation (chronic prostatitis). In addition, sonographic 
features that can be seen with chronic prostatitis include 
focal masses of different echogenicity that, if hyper- 
echoic, may mimic cancer, ejaculatory duct calcifications, 
capsular thickening, or periurethral glandular irregulari- 
ties. Enlarged blood vessels creating a “sonolucent zone” 
around the prostate have been described in patients with 
chronic prostatitis.3 


Prostatic Calcifications 


Prostatic calcifications usually represent calcifications of 
corpora amylacea, a proteinaceous material present 
within the gland. Prostatic calculi can be associated with 
inflammatory disorders or benign hyperplasia.! The cal- 
cifications may be seen in the periurethral aspects of the 


prostatic gland or at the margins of the internal and ex- 


ternal gland, sometimes in an “arc/wing”-shaped config- 
uration.25 Ultrasonographically, these calcifications may 
appear as brightly echogenic foci with or without poste- 
rior acoustic shadowing (Fig. 10.16). The foci may be 
thick or thin.3.4 

Echogenic foci are seen occasionally in tumors and 
may represent high grade tumors with extensive central 
comedonecrosis and calcifications or unusual deposits 
of small intraluminal crystalloid within tumor glands. 
Usually they are not as bright or large as calcified cor- 
pora amylacea and generally are central in location 
within the tumor.26 By CT prostatic calcifications appear 
as high density, thick or thin foci within the prostatic 
gland (Fig. 10.16). By MRI prostatic calcifications ap- 


FIGURE 10.16. (A) Prostatic calcifications of corpora amylacea demonstrated on TRUS as brightly echogenic foci without poste- 
rior shadowing within the central gland (arrow). (B) Prostatic calcifications show as high density deposits on the CT scan (arrow). 
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pear as foci of low signal intensity on both Tl- and T2- 
weighted images. 


Seminal Vesicles 


The seminal vesicles derive embryologically from the 
mesonephric duct. They are paired structures, located 
superior and posterior to the prostate gland, between 
the bladder and the rectum. The seminal vesicles mea- 
sure about 4-6 cm in length, 8-12 mm in width, and 
0.5 cm in diameter. Each seminal vesicle joins its corre- 
sponding vas deferens to form the ejaculatory duct.27,28 

The seminal vesicles are androgen-dependent secre- 
tory sex glands that act primarily to produce most (70%) 
of the seminal fluid in the ejaculate. They are important 
for fertility. They produce a mucoid, alkaline secretion 
that contains an abundance of fructose in addition to 
smaller quantities of amino acids, prostaglandins, and 
fibrinogen, which helps maintain active spermatozoa. A 
muscular coat provides the propulsive force for ejacula- 
tion.29 

The seminal vesicles are composed of a pseudostrati- 
fied columnar epithelium containing a few goblet cells 
surrounded by a lamina propria and a thin muscular 
wall. They reside in a highly protected environment and 
have limited exposure to any harmful substances or or- 
ganisms that might be carried through ductular secre- 
tions or the bloodstream.28 

All primary diseases of this organ are rare and almost 
always reported as isolated cases. They include congeni- 
tal anomalies, infections, obstruction, trauma, and neo- 
plasm. In the past the seminal vesicles have not received 
widespread attention because of the poor diagnostic 
yield achieved by physical examination, conventional ra- 
diography, and invasive procedures. The normal seminal 
vesicles are not palpable on digital rectal examination. 
Signs and symptoms of seminal vesical disease are usually 
nonspecific and include dysuria, perineal or ejaculatory 
pain, hematospermia, and recurrent lower urinary tract 
infections. 


Radiologic Techniques 
Vasoseminal Vesiculography (Vasovesiculography) | 


The main indication of vasoseminal vesiculography 
(VSV) is to confirm aplasia or occlusion of the vas defer- 
ens and ejaculatory ducts in azospermic men with nor- 
mal spermatogenesis on testicular biopsy.29 It is an inva- 
sive method performed by direct injection of contrast 
material into the vas through a small scrotal incision. 
The vas deferens is cannulated with a 23 gauge needle, 
which is first directed toward the epididymis, and water- 
soluble contrast material is injected (2-3 ml). Subse- 
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quently, a straight AP radiograph and another radio- 
graph with a 30-degree angulation toward the feet and 
the central ray directed toward the seminal vesicles are 
obtained. Included structures are the epididymis, the en- 
tire length of the vas deferens, the ampulla, and the sem- 
inal vesicle29,30 (Fig. 10.17). 

The vas deferens starts at the tail of the epididymis and 
ends at the junction of the seminal vesicle and the ejacu- 
latory duct. The normal vas is a narrow tube 30-45 cm 
long with a lumen of uniform caliber and a diameter of 
about 1.0-1.5 mm. The distal segment of the vas is di- 
lated and is called the ampulla. It first appears as a small 
dilatation of the vas but soon becomes tortuous, until it 
ends as a short, narrow duct at the neck of the seminal 
vesicle to form the ejaculatory duct on either side. 

The radiographic appearance of the seminal vesicle is 
highly variable. It may appear as a rather uniform tube, 
have ramifications or segmental dilatation, and occa- 
sionally be bifid. Although a symmetric appearance of 
the seminal vesicle is a hallmark of normality, asymmetry 
may be normal as well. On the other hand, ejaculatory 
duct asymmetry is abnormal and should raise the suspi- 
cion of disease.30 


Ultrasonography 


Ultrasonography is an excellent diagnostic modality for 
evaluating the seminal vesicles. TRUS provides better 
resolution of the seminal vesicle diseases than transab- 
dominal US.31 A limitation of this technique is the lack 
of deep tissue penetration due to the limited field of 
view of the high frequency transducers usually em- 
ployed. US can also be used as a guidance technique for 
needle biopsy or drainage. 

On US scans normal seminal vesicles appear as asym- 
metric hypoechoic tubular structures that are less 
echogenic than the prostatic gland (Fig. 10.18). Internal 
septations or echoes due to saccular convolutions may 
be noted.27,29 


Computed Tomography 


The seminal vesicles (SV) can be imaged by CT in virtu- 
ally all patients. They appear as two symmetric struc- 
tures of soft tissue density located cephalad to the 
prostate and posterolateral to the bladder. They are sur- 
rounded by periprostatic and perirectal fat. A triangular 
fat plane (seminal vesicle-bladder angle) separates 
these structures from the bladder (Fig. 10.19). Lack of 
visualization of this angle may be indicative of perivesi- 
cle extension of the prostate or bladder tumors, but it 
also may be obliterated if the CT images were obtained 
in a prone position or with an overdistended rectum. 
The size and the presence of the seminal vesicles can be 
evaluated with CT, but it is not possible to determinate 
the presence of an early neoplasm if the size and mor- 
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FIGURE 10.17. (A) Anatomic drawing of the structures opaci- 
fied by seminal vesiculography on an anteroposterior or pos- 
teroanterior view. Structures are numbered in order of sequen- 
tial filling by the vasoseminal route: 1 = vas deferens; 2 = 
deferential-ampullary junction; 3 = ampulla of the vas defer- 
ens; 4 = neck of the ampulla; 5 = confluence; 6 = excretory 


phology of the seminal vesicles are normal. Another 
limiting factor of CT imaging is the presence of beam- 
hardening artifacts arising from the contrast-filled blad- 
der or the pelvic bones.29 


Magnetic Resonance Imaging 


The superb tissue contrast and the multiplanar capabil- 
ity of MRI makes this imaging modality superior to US 
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FIGURE 10.18. Normal seminal vesicles (arrows) seen on TRUS 
in the axial plane. 
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duct; 7 = seminal vesicle; 8 = ejaculatory duct; 9 = urinary blad- 
der. (B) Anteroposterior view of a normal seminal vesiculo- 
gram. V = vas deferens; SV = seminal vesicles; A = ampulla of 


the vas deferens; ED = ejaculatory duct; arrows = vas deferens 
in the spermatic cord. (A: From Banner and Hassler,42 with 
permission. ) 


and CT for evaluating the seminal vesicles and delineat- 
ing the anatomy of organs in the pelvis. With a conven- 


tional body coil on T1-weighted images (TW1), the semi- 
nal vesicles have an intermediate signal intensity, equal 
or greater than that of skeletal muscle and greater than 
that of urine. On T2-weighted images (TW2), the signal 
intensity of the SV varies with age (see Chapter 13). In 
prepubertal boys it is generally less than that of fat or 
urine; in men it is greater than or similar to that of fat. 


FIGURE 10.19. CT of normal seminal vesicles. Note the fat 
plane between the bladder and the seminal vesicles (arrow). 
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On T2W images the bright signal of the vesicoprostatic 
venous plexus should not be confused with the bright 
seminal vesicles.29.32 

Spatial resolution may be improved with an endorectal 
coil. When an endorectal coil and fast spin echo T2WI 
techniques are used, the signal intensity of the seminal 
vesicles is higher than that of fat. The vas deferens and 


C 


FIGURE 10.20. (A) IVU showing a seminal vesicle cyst as an in- 
traluminal bladder filling defect (arrow) associated with ipsi- 
lateral renal agenesis. Note incidental right megaureter. 
(B) US view of the same seminal vesicle cyst. (C) Cystogram 
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its ampulla have a low signal intensity. A decrease in size 
and a change in the appearance of the seminal vesicles 
may be seen after radiation therapy or endocrine ther- 
apy. The decrease in seminal vesicle size may be clearly 
seen on T2WI. The signal of the seminal vesicles be- 
comes less than that of fat but higher than the signal of 
skeletal muscles.29.32 


from the same patient showing reflux of contrast into seminal 
vesicles and vas deferens following transperineal puncture with 
partial emptying of the cyst. (D) Same patient: CT appearance 
of seminal vesicle cyst after puncture. 
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Congenital Anomalies 


The urinary and reproductive systems are closely related 
in their embryologic development. The seminal vesicles 
arise from outpouchings of the distal mesonephric 
ducts. Failure of proper development of the meso- 
nephric duct can result in a variety of congenital anom- 
alies of the kidneys, ureters, and seminal vesicles. 

If there is complete failure in the development of the 
mesonephric duct, ipsilateral absence of the kidney, 
ureter, hemitrigone, and seminal vesicle results. Failure 
of development of the ureteric bud alone may occur, re- 
sulting in an absent kidney with a normal seminal vesi- 
cle. The congenital absence of the vas deferens may have 
an associated normal, hypoplastic, or absent ipsilateral 
seminal vesicle.28,31,33,34 

Seminal vesicle cysts may be congenital or, less com- 
monly, acquired as a result of inflammatory of hyperplas- 
tic changes in the prostate gland or prostate surgery. 
Maldevelopment of the distal mesonephric duct causes 
atresia of the ejaculatory duct and seminal vesicle cyst 
formation as well as failure of development of the 
ureteric bud, which results in renal agenesis or dysgene- 
sis (Fig. 10.20). Seminal vesicle cysts are usually unilat- 
eral with diameters three to four times that a normal 
gland. Pathologically, seminal vesicle cysts are well cir- 
cumscribed masses filled with viscid fluid and lined by 
mucoid cells, some of which contain lipofuscin. King et 
al.35 reported 12 of 13 patients with seminal vesicle cysts 
who had ipsilateral renal anomalies, including agenesis, 
hypoplasia, complete ureteral duplication, or atrophy. If 
the ureter buds are too far cephalad, ectopic ureteral in- 
sertion into mesonephric duct derivates (e.g., bladder 
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neck, prostatic ureters, ejaculatory duct) or seminal vesi- 
cle lesions can occur.?9.25 Seminal vesical cysts have also 
been seen in association with adult polycystic kidney dis- 
ease36.37 (Fig. 10.21). 

Most patients with seminal vesicle cysts present with 
symptoms at age 21—41 years. The late age presentation 
may occur because symptoms related to cystic change in 
the seminal vesicle may not become apparent until sex- 
ual maturation occurs. A seminal vesicle cyst may be 
found in a prepubertal boy during an evaluation for epi- 
didymitis or recurrent tract infections. The predominant 
presenting symptom of seminal vesicle cysts is pain, 
which may be abdominal, flank, pelvic, or perineal and 
may be exacerbated by ejaculation. Other symptoms of- 
ten relate to dysuria, frequent urination, or urinary tract 
infections.35 

Urography, cystography, US, CT, MRI, seminal vesicu- 
lography, and cyst puncture have been used to diagnose 
seminal vesicle cysts.35-40 Findings on IVU include renal 
dysgenesis or collecting system duplication associated 
with displacement of the bladder by an extrinsic mass 
(Fig. 10.20). The mass effect of a seminal vesicle cyst on 
the bladder is not always apparent, and other cystic 
masses in the pelvis, such as utricle cysts, can be associ- 
ated with renal agenesis. US and endorectal US are use- 
ful for confirming the cystic nature of the pelvic mass 
(Fig. 10.20). Endorectal US is potentially helpful for con- 
firming that a cyst arose from the seminal vesicle. These 
lesions appear as cystic structures posterolateral to the 
bladder; internal echoes are seen if complicated by hem- 
orrhage or infection. These cysts may bulge the bladder 
wall or even intrude into its lumen. A dilated ureter in- 
serting ectopically into the cyst may also be imaged. US 


FIGURE 10.21. Transrectal ultrasonography shows a cyst (arrow) arising from the left seminal vesicle in a 35-year-old patient with a 
history of adult polycystic kidney disease. (A) Axial view. (B) Longitudinal view. 
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may be used to evaluate the ipsilateral kidney. TRUS can 
guide transrectal or transperineal puncture of pelvic 
cysts.27 The CT characteristics of seminal vesicle cysts are 
variable (Fig. 10.20); they may appear as clear-cut, thick- 
walled cysts in the region of the seminal vesicles postero- 
lateral to the bladder in the expected location, but they 
may also appear as midline inhomogeneous structures 
with irregular margins or as apparently solid enlarge- 
ments of the seminal vesicle. Only ipsilateral renal agen- 
esis and lack of other signs of invasive tumor raise the 
possibility of a congenital lesion. Some of the cysts are 
thick-walled, inhomogeneous, and of increased attenua- 
tion due to previous hemorrhage or infection. Cyst wall 
calcification has been reported.35 -40 

Seminal cysts on MRI may appear as typically cystic 
structures: low signal intensity on T1WI and high signal 
intensity on T2WI. However, the signal intensity on ei- 
ther Tl- or T2-weighted images may vary depending on 
the fluid characteristics. The fluid is often protein- 
aceous, producing different signal intensities depending 
on its concentration. When hemorrhage is present 
within the cyst, the signal intensity of the fluid depends 
on the age of the bleeding.29.35 

Voiding cystourethrography and seminal vesiculogra- 
phy are useful for demonstrating connections between 
anomalies of the seminal tract and those of the urinary 
tract. Vasography demonstrates reflux of contrast 
medium into the ipsilateral ectopic ureter. This finding 
can be helpful when it is unknown whether there is only 
an ectopic dilated ureter or a seminal vesicle cyst associ- 
ated with an ectopic ureter.29 


Inflammatory Disorders 


Isolated bacterial seminal vesiculitis is rare; inflamma- 
tory diseases of the seminal vesicles are usually found in 


the context of associated prostatitis. Seminal vesiculitis. 


can be a difficult diagnostic problem because of a multi- 
plicity of symptoms. The patient typically presents with 
vague lower abdominal or perineal pain. There may also 
be pain in the scrotum, inguinal areas, or lower back. 
The symptom complex often masquerades as prostatitis, 
cystitis, or urethritis. Patients with acute seminal vesiculi- 
tis are usually not imaged unless antibiotic therapy for 
the acute infection has failed.41 Although CT, US, and 
vasovesiculography are imaging modalities that have 
been helpful for establishing this difficult diagnosis in 
the past, they do not appear to offer sufficient specific 
findings to justify their use as a primary diagnostic exam- 
ination for this disorder.4! 

The appearance of inflammatory changes on MRI de- 
pends on the course of the disease. Patients with seminal 
vesiculitis are usually referred for imaging evaluation 
during the subacute phase, after antibiotic treatment has 
failed. Seminal vesicles are often enlarged with subacute 
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inflammation.4! On T1-weighted images the signal inten- 
sity may be normal; or as hemospermia often accompa- 
nies seminal vesicle infection, it can be high. On T2- 
weighted images the signal intensity varies depending on 
the chronicity of the disease and the presence of bleed- 
ing. Ejaculatory duct obstruction can be seen with 
chronic inflammation. This obstruction may produce 
cystic changes in the seminal vesicles.32 Small abscesses 
are difficult to differentiate from SV cysts. 

With seminal vesiculitis, stenosis, fibrosis, and dilata- 
tion may be seen by vasoseminal vesiculography.42 Multi- 
ple small vasal diverticula can be identified. This find- 
ing, which may be seen in normal men, is therefore not 
specific.43 


Seminal Vesicle Abscess 


Seminal vesicle abscesses are uncommon, with few re- 
ported cases in the literature. Escherichia coli and Mycobac- 
terium are the most common organisms associated with 
seminal vesicle abscesses. The predisposing factors are 
urinary tract infection, diabetes, indwelling catheters, 
postvasectomy, and previous genitourinary instrumenta- 
tion. An isolated seminal vesicle abscess also occurs typi- 
cally when a preexisting seminal vesicle cyst becomes in- 
fected.44 The seminal vesicles may have unilateral or 


-bilateral enlargement and areas of low attenuation asso- 


ciated with stranding of the surrounding fat and focal or 
diffuse thickening of the bladder.44 The diagnosis may 
also be made by means of TRUS, CT, or MRI.29 


Tuberculosis 


Tuberculous seminal vesiculitis is almost always associ- 
ated with tuberculous prostatitis (see Chapter 31). Calci- 
fications of the spermatic tract and prostate are uncom- 
mon.45 

Seminal vesicle involvement results from either upper 
urinary tract seeding or primary genital tuberculosis. A 
spectrum of findings may be seen by CT, including de- 
struction of their convolutions, abscess formation, and 
an enlarged calcified mass. 


Amyloidosis 


Amyloid deposition in the seminal vesicle is not an un- 
usual finding at autopsy. The incidence has been re- 
ported to range between 4% and 21%; it increases with 
age and probably represents a form of senile amyloido- 
sis.46 On MRI, amyloid deposits have low signal intensity 
on TIWI and T2WI. T2 relaxation is shortened by the 
deposited amyloid. With this disorder no enhancement 
of the seminal vesicles is seen after injection of gadopen- 
tetate dimeglumine, a finding that may be useful for dif- 
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ferentiating amyloid deposition from seminal vesicle tu- 
mor invasion.46 


Calcification 


Diabetes, genitourinary infections such as tuberculosis, 
infestations such as schistosomiasis, chronic renal fail- 
ure, and advanced age have been associated with calcifi- 
cation of the seminal vesicle and vasa. The seminal 
vesicles may be the site of stones. These stones are intra- 
luminal and radiopaque, consisting of either calcium 
carbonate or calcium phosphate.28 Seminal vesicle 
stones are associated with ejaculatory duct obstruction 
from stenosis or extrinsic compression.?9 


Hematospermia 


Hematospermia means the presence of blood in semen. 
It is an uncommon symptom. The prevalence is un- 
known. Transient hematospermia may not be observed 
by the patient or his partner. It can present alone or with 
any other urologic symptom, such as hematuria. Prosta- 
tis and vesiculitis are usually the cause of hematospermia 
in men under 40 years of age.47 It has also been associ- 
ated with hemangiomas of the urethra, calculi or cysts of 
the seminal vesicles, and rarely malignant tumors. Carci- 
noma of the prostate, seminal vesicles, or bladder can be 
the etiology of the disorder in male patients over age 40; 
however, benign disorders still predominate. Underlying 
malignancy can be found in approximately 5-10% of 
the patients.4/ 

In some patients the origin of hematospermia remains 
obscure, and the symptom is described as “essential.” Oc- 
casionally, clinical examination of the testes, epididymis, 
and spermatic cords helps to identify the source of 
bleeding. The prostate and seminal vesicles should be 
evaluated with digital rectal examination. The external 
urinary meatus should be examined after the rectal ex- 
amination so any discharge can be assessed. Microscopy 
and routine culture of the urine (preferably after 
prostate massage) are also done. Cytology of the urine is 
recommended in older patients. 

Calcifications in the prostate, seminal vesicles, or uri- 
nary tract calculi may be seen on a plain radiograph of 
the abdomen. An intravenous pyelogram (IVP) is not 
helpful in the investigation of hematospermia. It should 
be performed in patients with flank or microscopic 
hematuria, although the abnormalities found in this 
study are not necessarily the cause of hematosper- 
mia.47,48 TRUS is the method of choice for the initial 
evaluation of hematospermia. In one reported series 
TRUS was abnormal in 83% of patients with hematosper- 
mia.49 CT and MRI can be used in selected cases, espe- 
cially in patients with questionable lesions on TRUS.#47 
The role of seminal vesiculography has become limited 
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with the increased use of modern imaging techniques. 
Cystourethroscopy can be performed when the initial in- 
vestigations have been negative and is especially impor- 
tant if the hematospermia is persistent or if there is asso- 
ciated hematuria. 


Neoplasms 


Benign tumors of the seminal vesicles are rare. A variety 
of tumors have been reported, including fibromas, cys- 
toadenomas, leiomyomas, fibromas, mesonephric ham- 
artomas, and dermoid cysts. Cystoadenomas appear as 
multicystic lesions. Dermoids may contain fat and cal- 
cium. Leiomyomas and fibromas appear as well circum- 
scribed soft tissue masses.29 

Primary malignant tumors of the seminal vesicles may 
invade the bladder and present as a bladder tumor.50 The 
most common histologic type is adenocarcinoma. Other 
malignancies reported include sarcomas and seminomas. 
Most malignancies of the seminal vesicles are secondary 
to invasion from the prostate (see Chapters 12 and 13) or 
bladder cancer (see Chapters 8 and 9). 
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Malignancy of the Prostate Gland 
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Cancer of the prostate has been propelled into the lime- 
light of the American public for many reasons. It the 
most common internal cancer in men (followed only by 
lung cancer) and the second most common cancer 
death (second only to lung cancer). There are many rea- 
sons for the apparent increase in the incidence of 
prostate cancer. The population expansion coupled by 
increasing life expectancy and dramatic improvement in 
the technologies to diagnose prostate cancer made this 
disease a target not only by the scientific community but 
by the lay public as well. The objective of this chapter is 
to review the basic information and present the most re- 
cent advances regarding prostatic carcinoma. 


Epidemiology 


Adenocarcinoma is the most common type of malig- 
nancy of the prostate gland. In 1990 of all cancers occur- 
ring in men, the estimated incidence of prostate cancer 
was 20%, equaled only by lung cancer.! A year later in 
1991 it was reported that there were more newly diag- 
nosed cases of prostate cancer estimated for 1991 (n = 
122,000) than new cases of lung cancer in men (n = 
101,000). Scardino in 1995 estimated that 200,000 men 
would be diagnosed with prostate cancer,2 and 38,000 
will die of the disease. Gilliland et al.3 in 1994 confirmed 
the dramatic increase in the age-adjusted incidence rates 
of prostate cancer in New Mexico. From 1969 to 1991, 
age-adjusted incidence rates increased from 74.4 to 
139.1 per 100,000 (87%) among non-Hispanic Whites 
and from 54.0 to 94.7 (75%) among Hispanics. Ameri- 
can Indians had the lowest incidence of all groups. 
Taylor et al.4 further confirmed the increasing inci- 
dence of prostate cancer in the Detroit area. They re- 
ported that the increase was lagging among black men. 
From 1973 to 1989, age-adjusted rates of prostate cancer 
diagnosed among white men doubled from 54.3 to 109.9 
per 100,000 and those among black men increased by 


nearly 40% from 106.9 to 148.6 per 100,000. The aver- 
age annual increases in age-adjusted rates for white and 
black men were 4.4% and 2.3%, respectively. 

The age-adjusted mortality rate due to prostatic ade- 
nocarcinoma was reported by Devesa et al in 1987.5 
Among all races in the United States, the age-adjusted 
mortality rate from prostatic carcinoma established 
for 1983-1984 was 22.7 deaths per 100,000 men. 
Blacks, however, have a mortality rate that is two to 
three times the rate for Whites in the same geo- 
graphic area, even when it is corrected for socioeco- 
nomic status and age.6 

There is evidence that the incidence of prostate can- 
cer is increasing with age.’ It is estimated that men 
younger than 50 years account for approximately 1% of 
all patients with prostate cancer. Aprikian et al.8 per- 
formed a retrospective review of men younger than 50 
years diagnosed with prostate carcinoma to determine 
the natural history and prognosis of this malignancy in 
this population. Their data suggested that young pa- 
tients with prostate cancer present with symptomatology, 
histologic grade, and disease stage similar to that of the 
older population. Patients with disease confined to the 
prostate have a relatively good disease-specific survival 
but remain at risk for death even 15 years after diagnosis. 
When carcinoma escapes the confines of the prostate, 
the prognosis is uniformly poor. 

Prostate cancer has a higher incidence among men 
with a positive family history. A two- to threefold increase 
in risk has been reported for men having a brother or fa- 
ther with diagnosed carcinoma of the prostate. The rela- 
tive risk may exceed fivefold if two or more first-degree 
relatives have clinical prostate cancer.9 Aprikian et al. 
confirmed the greater risk of patients with a family his- 
tory of prostate cancer compared to those who did not. 
They also noted that a positive family history was not as- 
sociated with an earlier age at diagnosis or a different 
histologic grade of tumor when compared to the pa- 
tients with no family history. 10 
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Etiology 


The etiology of malignant transformation in the prostate 
gland remains unclear. Several risk factors have been 
identified. As stated earlier, advancing age correlates with 
an increasing incidence of prostate cancer. Environmen- 
tal factors are suggested by an increased incidence in 
Japanese men living in America and an increased inci- 
dence noted in workers exposed to cadmium. There 
seems little doubt that an altered response to hormonal 
stimulation is involved in the malignant transformation. 
This theory is supported by the decreased incidence in 
eunuchoid patients and by tumoral response to hormonal 
manipulation and antiestrogen therapy.!! Diet is another 
factor implicated with prostate carcinoma. Specifically, di- 
etary fat intake has correlated positively with the mortality 
and incidence rates of prostate cancer.!2.13 To date, the re- 
lation of cancer incidence to the presence of benign pro- 
static hyperplasia remains unclear. 


Pathology 


Adenocarcinoma constitutes 95% of all prostate gland 
malignancies. Other malignancies found in the prostate 
are transitional cell carcinoma (TCC), squamous cell car- 
cinoma, sarcoma, and metastases, with TCC comprising 
90% of this group. The TCC may be an extension of or di- 
rect invasion from a primary bladder TCG, or it may origi- 
nate as a focus of intraductal or intraacinar prostatic TCC. 

The prostate gland is divided into three anatomic 
zones as delineated by McNeal.!4 The peripheral zone, 
which comprises approximately 70% of the prostate vol- 
ume in a young adult man, originates from ducts that 
mainly extend laterally from the urethra along its entire 
distal segment. The central zone, which comprises ap- 
proximately 25% of the normal glandular tissue, arises 
from a set of ducts on the convexity of the verumon- 
tanum and extends directly proximal, producing a 
wedge of glandular tissue where the base coincides with 
almost the entire base of the prostate. The transition 
zone in a young adult is represented by two small lobes 
of glandular tissue whose ducts originate just below the 
distal border of the preprostatic sphincter and then 
branch proximally toward the bladder. This tissue sup- 
plies most of the hyperplastic cells in cases of benign 
prostatic hyperplasia (BPH). It is estimated that approxi- 
mately 70% of adenocarcinomas arise from the periph- 
eral zone, 20% from the transitional zone, and 5-10% 
from the central zone. 

The Gleason system of scoring the histologic patterns 
of the carcinomatous architecture has been accepted 
worldwide. The system provides a score of 1-5 to the pri- 
mary architectural pattern (the pattern that occupies 
the greatest area in the specimen) and another score of 
1-5 to the secondary pattern (the pattern that occupies 
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the second largest area in the specimen). Thus the mini- 
mum Gleason score is 2, for the best or most well differ- 
entiated cells; and the maximum score is 10, for the 
worst or poorly differentiated and invasive cells.15 This 
system in general offers a good correlation with the clin- 
ical course of the disease. 

Another area being explored in the study of the natural 
history of prostate cancer cells is the deoxyribonucleic 
acid (DNA) ploidy content, which can be measured by 
flow cytometry. Flow cytometers count thousands of cells 
and the amount of DNA stain per cell relative to a known 
standard, thereby calculating a statistically relevant DNA 
population distribution. These distributions include nor- 
mal diploid DNA content, aneuploidy (which represents 
uneven multiples of the normal cellular DNA content), 
and polyploidy (representing doubling of the normal cel- 
lular DNA). Generally, it is believed that increasing de- 
rangement of DNA and aneuploidy are associated with 
poor prognosis. In prostate cancer aneuploidy is related 
to tumor progression.!6 It is observed more commonly in 
bulky tumors and in nodal metastasis. Stephenson et al. 
reported a significant correlation rate between aneu- 
ploidy in nodal tissue and more rapid progression of 
metastatic disease.!7 At present, aneuploidy in patients 
with a clinically localized lesion should be interpreted in 
conjunction with other staging parameters; it should not 
be used alone, as its exact role as an independent predic- 
tor is still being clarified. Carmichael et al. reported their 
experience with 112 clinically localized prostate cancers in 
determining the use of DNA ploidy for predicting recur- 
rence postoperatively. Their results showed that there was 
no significant difference in the distribution of diploid 
and nondiploid DNA among patients who developed pro- 
gression of prostate cancer. The Gleason sum was the best 
predictor. However, DNA ploidy was a good predictor 
among patients with well to moderately differentiated 
Gleason grade tumors (Gleason sum of 6 or less) .18 


Clinical Presentation 


Localized prostatic cancer is generally asymptomatic or 
manifests with nonspecific bladder symptoms: irritation, 
obstruction, or both. Isolated gross hematuria or urinary 
tract infection is an uncommon presentation of prostatic 
cancer. Bone pain, anemia, and weakness are not un- 
common in those with distant metastases. Fortunately, 
these stages of prostate cancer presentation are becom- 
ing uncommon as prostate cancer is being diagnosed at 
an earlier stage. 


Incidental Findings on 
Digital Rectal Examination 


A nodule of hard consistency or induration, asymmetry 
of the gland on digital rectal examination (DRE), or 
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both should alert the examiner to the possibility of pro- 
Static carcinoma regardless of the level of the serum 
prostate-specific antigen (PSA). Although there are a 
number of conditions other than malignancy that may 
cause a prostate nodule (prostatic calculi, granuloma- 
tous prostatitis, nodular BPH, prostatic infarction), the 
presence of a nodule or an induration in the prostate 
should be considered an indication for malignancy until 
proved otherwise. 


Obstructive Symptoms 


Symptoms of obstruction, such as slow stream, intermit- 
tent stream, hesitancy, straining to void, and a feeling of 
incomplete bladder emptying, are common in men with 
prostatic obstruction. A high index of suspicion should 
be aroused when these symptoms occur with fairly rapid 
onset or in relatively young patients. In general, these 
symptoms must be correlated with the serum PSA level 
as well as the findings on DRE and volume measured by 
transrectal ultrasonography of the prostate gland. Acute 
and chronic urinary retention is not as common a pre- 
senting symptom of prostatic cancer as it is of BPH. 


Irritative Symptoms 


Urgency to void, frequency of urination, and nocturia 
may be the only manifestations of prostatic cancer, espe- 
cially that occurring in relatively young men without 
concomitant or recent lower urinary tract infection in- 
cluding prostatitis. 


Presentation of Metastases 


The presentations of metastases are many and varied. 
They include bone pain, weight loss, cachexia, anemia, 
pleural effusion, and paraplegia from crush fractures. 


Diagnosis 


Prostatic carcinoma is generally diagnosed in one of the 
following ways. 


1. As an incidental finding following transurethral prostatic 
surgery (stages Tla or Al and Tl1b or A2). A report by 
Monda et al. revealed the overall prevalence rate for 
stage Tla-Tlb prostate cancer to be 8.6% among men 
who underwent transurethral prostatectomy (TURP) in 
1986 when the PSA assay was not used. They also re- 
ported an overall prevalence for stages Tla—T1b to be 
10.3% for men who underwent TURP in 1989 and 1990 
who had had a PSA assay done preoperatively. It appears 
from this study that routine PSA measurement among 
patients with symptoms of prostatism does not decrease 
the prevalence of stage Tla, as their median PSA value 
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was within the normal range and not statistically differ- 
ent from that of normal patients. For stage T1b, the me- 
dian PSA value was 5.9 ng/ml, which is statistically differ- 
ent from that for patients without cancer. Such a 
difference may decrease the prevalence of stage T1b tu- 
mors, but a larger study would be necessary to document 
this finding.19 

2. Identification of a prostate nodule, induration, or asymme- 
try of the prostate gland. Catalona et al. conducted a 
prospective clinical trial at six university centers on 6630 
male volunteers 50 years of age and older to compare 
the efficacy of the DRE and the PSA assay. When DRE 
was abnormal or suspicious or the PSA was higher than 
4 ng/ml (or both) quadrant prostate biopsies were done. 
The screen identified 15% of men as having a suspicious 
DRE, 15% had an abnormal PSA level, and 26% had sus- 
picious findings on both tests. The cancer detection rate 
was 3.2% for the DRE, 4.6% for the PSA assay, and 5.8% 
for the two methods combined.20 In contrast, Cooner et 
al. screened patients for prostate cancer seen in their 
urologic practice using DRE as one of the screening 
measures. The prostate gland was considered suspicious 
for cancer when two urologists concurred on the DRE 
findings. Of the 470 patients who were biopsied because 
of the abnormal prostate on DRE, 35.9% were found to 
have prostate cancer. Of those with normal DRE find- 
ings, only 4.8% were found to have prostate cancer.21 

3. Detection of an elevated PSA or acid phosphatase on routine 
or screening testing, followed by random biopsy with ultra- 
sound guidance. Cooner et al. reported a 35% yield for 
prostate cancer among patients biopsied with an abnor- 
mal PSA of 4.1 ng/ml or more. The yield when the PSA 
was 4.1—10.0 ng/ml was 20.2%, and it was 58.1% when 
the PSA level was higher than 10.0 ng/ml.2! 


As stated earlier, because the symptoms (if present) 
are nonspecific, the index of suspicion must be high to 
detect prostate cancer. A careful DRE of the prostate 
must be performed; and when the gland is suspicious 
prostate cancer must be included in the differential diag- 
nosis. Similarly, when the blood PSA level is measured 
and found to be elevated, prostate cancer must be in- 
cluded in the differential diagnosis. Although not con- 
sidered a routine screening test for prostate cancer, 
transrectal ultrasonography of the prostate may show a 
hypoechoic lesion, which has been reported to be sug- 
gestive but not diagnostic of prostate cancer. 


Screening 


As of this writing, a debate rages as to whether men 
should be screened for prostate cancer. The American 
Urological Association and the American Cancer Society 
have recommended screening men 50 years and older 
for prostate cancer by performing an annual DRE and 
determining the blood level of PSA. They further sug- 


198 


gested that for men with a family history of prostate can- 
cer the detection be extended to men beginning at age 
40 years. However, the Canadian Task Force on the Peri- 
odic Health Examination concluded in 1994 that there is 
insufficient evidence to promote early detection of 
prostate cancer in asymptomatic men.22 At the heart of 
the debate is the question of whether early diagnosis can 
make a difference in the long-term survival of these pa- 
tients. Unfortunately, at present this issue remains unre- 
solved, and only time and multicenter long-term pro- 
spective studies can answer these questions. 


Prostate-Specific Antigen 


Prostate-specific antigen is a glycoprotein normally 
found in the prostatic epithelial cytoplasm, prostatic se- 
cretions, and the circulation of men bearing prostatic tis- 
sue.23 PSA is immunologically and biochemically distinct 
from prostate acid phosphatase (PAP) and does not 
cross-react with assays for PAP. When interpreting PSA 
values, One must recognize that there are two distinct 
methods for measuring the PSA levels, and that these 
“normal” values are different. One test uses a solid-phase 
immunodiametric assay based on two antisera mono- 
clonal antibodies with a normal value of 4.0 ng/ml. The 
other test uses a polyclonal antiserum in a competitive- 
binding radioimmunoassay with a maximum “normal” 
value of 2.5 ng/ml. The cost of a PSA test is approxi- 
mately $40. The PSA value may be elevated in patients 
with BPH, prostatitis, and prostatic carcinoma. Routine 
DRE does not produce any clinically significant rise in 
the value of PSA. 

An age-specific reference range was recommended by 
Oéesterling based on the observation that the PSA con- 
centration is dependent on patient age. The suggested 
age-specific ranges are as follows: for men 40-49 years 
0-2.5 ng/ml; for those 50-59 years 0-3.5 ng/ml; for 
those 60-69 years 0-4.5 ng/ml; and for those 70-79 
years 0-6.5 ng/ml.24 Oesterling et al. reported prelimi- 
nary findings supporting the clinical usefulness of these 
wider age-specific reference ranges in men 60 years or 
older when compared to a single reference range of 4.0 
ng/ml.25 However, a large prospective study was re- 
ported by Catalona et al. on the effect on the biopsy rate 
and cancer detection if the cutoff value was shifted from 
4.0 ng/ml to the age-specific reference ranges. They ob- 
served that the number of biopsies performed for each 
cancer detected with a PSA level of more than 4.0 ng/ml 
remains constant across age groupings, which suggests 
that the cutoff of 4.0 ng/ml does not need to be altered 
in the older men, as it is apparently unaffected by the si- 
multaneously increasing prevalence of BPH and cancer 
with age. They concluded that a serum PSA concentra- 
tion of 4.0 ng/ml should be used as a general guideline 
for biopsy in all age groups.20 
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Another use for the PSA assay in regard to its value as a 
marker for prostate cancer lies in its relation to the en- 
tire prostate volume as measured by transrectal ultra- 
sonography. PSA density (PSAD) is the value obtained by 
dividing the PSA value by the volume of the prostate 
measured ultrasonographically. A value of 0.15 or more 
has been suggested to be discriminatory of prostate can- 
cer. Bretton et al. performed a retrospective study to de- 
termine the usefulness of PSAD. Their results suggested 
that PSAD is useful for discriminating prostate cancer in 
men with a normal DRE and PSA levels of 4.1-10.0 
ng/ml. PSAD was not found useful for men with prostate 
cancer whose PSA value was 4.0 ng/ml or less or higher 
than 10.0 ng/ml.26 Cookson et al., on the other hand, 
prospectively studied 44 consecutive patients with a nor- 
mal prostate by DRE and a PSA value of 4.0-10.0 ng/ml 
to evaluate PSAD as a discriminator of prostate cancer. 
Their results showed that there was no significant differ- 
ence in the mean PSAD between patients with positive 
and negative biopsies. They concluded that PSAD was an 
unreliable indicator of cancer and recommended sys- 
tematic biopsies in these patients independent of the cal- 
culated PSAD.27 

The PSA assay was reported to be useful for monitor- 
ing the trend of either an initially normal PSA or an ini- 
tial abnormal PSA value in a patient who had a negative 
biopsy for malignancy or the PSA of patients who had de- 
finitive therapy for prostatic cancer. Carter et al. re- 
ported data demonstrating the utility of PSA change 
over time. It was reported that an annual rise of more 
than 0.75 ng/ml per year significantly stratifies between 
benign and malignant biopsy outcome.28 Catalona et al. 
also observed a lack of utility of the 0.75 ng/ml per year 
change in their data.29 Brawer noted the lack of discrimi- 
natory power of the 0.75 ng annual change in his series. 
His data suggest that, rather than the 0.75 ng/ml per 
year rise, a 20% annual rise may be a more significant 
change. These data, however, must be confirmed by oth- 
ers.30 In terms of trends in patients who had therapy, one 
must recognize that after an extirpative procedure, such 
as radical prostatectomy of any method, the PSA value 
should be undetectable. Any detectable value noted 3 
weeks after radical prostatectomy must be repeated; if it 
is still detectable, recurrence is the rule.3! (In patients 
who had had radiation therapy, the PSA value is ex- 
pected to drop to 0.6-1.4 ng/ml)32-35 and remain at 
that level. Any rise after reaching a nadir is usually an in- 
dication of cancer relapse. Similarly, after hormonal 
ablation with orchiectomy or the use of luteinizing 
hormone-releasing hormone (LH-RH) agonist or andro- 
gen blockage, it is not unexpected for the PSA to drop to 
an undetectable level or even to a low normal level in 
most patients. It usually remains at this level unless hor- 
mone resistance develops, which manifests as a gradual, 
steady rise of the PSA value. 
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A new area for the utility of PSA is the introduction of 
various molecular forms of PSA, which appear to have 
the potential to improve the discriminatory power of an 
abnormal PSA value.36 Stenman et al. noted an in- 
creased level of complex PSA (a ;-antichymotrypsin) in 
men with prostate cancer in contrast to an increased 
level of free PSA in men without prostate cancer. Oester- 
ling et al. established the reference ranges for the con- 
centration and ratios of the free, complexed, and total 
serum PSA. It appears that the ratios do not correlate 
with age, and so the appropriate upper limit of normal 
(95th percentile) is constant at all ages. The reference 
range for the free PSA/total PSA ratio is 16% or 
higher.37 In a preliminary report Catalona et al. con- 
firmed the potential benefit of reducing the number of 
biopsies without missing many cancers by measuring the 
free PSA/total PSA ratio. In a man with a prostate vol- 
ume of 40 cc or less, a cutoff of 14% free PSA would 
eliminate 76% of unnecessary biopsies. The ability to 
rule out the need for biopsy declined to 38% (free PSA 
cutoff 21%) for men with a prostate volume of more 
than 40 cc.38 It is too early at present to determine the 
ultimate value of this PSA marker. 


Prostate Biopsy 


Another major advance in the evaluation of men sus- 
pected of having prostate cancer is the introduction of 
the biopsy “gun.” This spring-driven biopsy needle devel- 
oped by Lindgren uses an 18-gauge needle that is fired 
so rapidly by the device that the biopsy itself takes 1 sec- 
ond and is essentially painless. The needle can be incor- 
porated onto the surface of the ultrasound probe so the 
biopsy can be accomplished transrectally with ultra- 
sound guidance. Alternatively, the biopsy needle can be 
guided by the forefinger into the rectum and into the 
surface of the prostate gland to be biopsied. Because it is 
practically painless, the procedure is now performed on 
an outpatient basis and without the use of anesthesia. 
Preparation for ultrasonography with concomitant 
biopsy includes Fleets enema until clear 2 hours prior to 
the procedure and a quinoline preparation 2 hours 
prior to the biopsy and every 12 hours thereafter for 
three more doses. Systemic antibiotics, intravenously or 
orally, are prescribed for high risk patients for (SBE: sub- 
acute bacterial endocarditis heart valve disease or valvu- 
lar prosthesis) or patients with other prostheses. In ad- 
dition, all patients are instructed to discontinue all 
anticoagulant preparations, including aspirin, coum- 
adin, nonsteroidal antiinflammatory drugs, and other 
agents capable of inhibiting platelet function a week be- 
fore the biopsy. We have not found it necessary to do co- 
agulation studies so long as patients do not have a his- 
tory of a bleeding tendency or bleeding diathesis. With 
this overall preparation, the incidence of infection has 
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been reduced to less than 1%. The other serious but un- 
common complication of transrectal biopsy includes rec- 
tal or urethral bleeding or hematuria (1%) and urinary 
retention (1%). A more common but clinically insignifi- 
cant complication is hematospermia, which may last 
many weeks after the procedure. 

Prostate biopsy is indicated in appropriate patients in 
whom prostate cancer is suspected because of the follow- 
ing circumstances. 


1. Presence of an abnormal prostate on DRE 

2. Abnormal PSA level unrelated to acute or recent pro- 
Statitis 

3. Focal or diffuse hypoechoic lesion in the peripheral 
zone on transrectal ultrasonography 

4. Metastatic prostate cancer highly suspected in pa- 
tients with no previous diagnosis of prostate cancer 

5. Follow-up biopsy in patients whose PSA is rising after 
receiving definitive therapy, such as radical prostatec- 
tomy, radiation therapy, or cryotherapy 

6. Restaging of patients with stage Tla (A1) following 
TURP | 


The transrectal route has gained universal acceptabil- 
ity as the method of choice for performing prostate 
biopsy. The biopsy is generally accomplished with the 
guidance of a transrectal ultrasound probe (TRUS). The 
biopsy needle is directed to the area of the hypoechoic 
lesion detected by TRUS. In addition, the sextant biopsy 
method that was introduced in 1989 by Hodge and her 
group39 has gained widespread acceptability and is 
added to the directed abnormal site biopsy in most rou- 
tine biopsies. Obviously, if no abnormal lesion is identi- 
fied by TRUS, sextant biopsy is carried out whenever 
biopsy is indicated. In addition, in the presence of a pal- 
pable nodule it is recommended that the prostate nod- 
ule be biopsied with finger guidance at completion of 
the ultrasound-guided biopsy because the digitally palpa- 
ble nodule may not necessarily correspond to the TRUS 
abnormal finding if one exists. Hodge et al. reported 
94% cancer detection using random systematic biopsy. 
In cases where both random and directed biopsies were 
done in patients diagnosed to have prostate cancer, the 
two techniques agreed in 86%; random biopsies found 
9% of cancers not found by directed biopsies; and, con- 
versely, directed biopsies found 5% of cancers not found 
by the random biopsy technique. Hodge and her group 
suggested a higher yield when combining the two tech- 
niques compared to when either technique was used 
alone.39 

Needle aspiration of prostatic lesions, although still 
used in a few centers, has lost its popularity because of 
the ease of using the biopsy gun and the safety and effec- 
tiveness of delivering tissue for histologic analysis. Aspi- 
ration cytology requires cytologists who have the exper- 
tise and experience to make diagnoses based on small 
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amounts of aspirate but they are unable to apply Gleason 
scoring, important information for prognosticating 
prostate cancer, since for this purpose histologic samples 
are necessary. 


Staging 


Clinical staging starts once prostate malignancy is con- 
firmed histologically. It begins with the DRE. Questions 
to be answered by the DRE findings include whether the 
prostate gland was normal. If not, is the area of abnor- 
mality located on one side or both? What is the size of 
the lesion or lesions? Are the prostate margins violated 
and, if so, where? Is the seminal vesicle involved? 

The PSA assay supplies important information for ana- 
lyzing the clinical stage of the prostate cancer. In gen- 
eral, PSA values greater than four times the normal value 
(10 ng/ml polyclonal method or 40 ng/ml monoclonal 
method) are highly associated with cancer extending be- 
yond the confines of the prostate gland, including dis- 
tant disease. It can also be stated in general terms that 
the serum PSA value increases progressively with advanc- 
ing clinical stage. Unfortunately, significant overlap still 
exists in the PSA value between localized and nonlocal- 
ized disease, so the PSA value cannot be used alone. 
With widespread experience using the PSA as part of the 
overall management of prostate cancer, several more 
specific statements can be made regarding the PSA level 
in relation to staging. For example, when the PSA value 
is 10.0 ng/ml or less and the patient has no skeletal 
symptoms, a staging radionuclide bone scan is not neces- 
sary as the yield is nil, approaching zero.40 Its predictive 
value increases as One incorporates the PSA value with 
other information, such as the Gleason score and the 
histologic nature of the cancer cells. 

Serum acid phosphatase was the first “tumor marker” 
to be measured in the blood and for years was the only 
marker (though nonspecific) available to “screen” and 
monitor prostate cancer. The advent of the PSA mea- 
surement made the acid phosphatase determination ob- 
solete for the “screening” and routine follow-up of pa- 
tients with prostatic cancer. The serum acid phosphatase 
measurement was later replaced by the serum prostatic 
acid phosphatase (PAP) assay. Although still flawed, it 
was better than the serum acid phosphatase for detect- 
ing abnormalities that suggest prostate cancer in its 
more extensive stage. PAP therefore is useful as a 
“screen” for more extensive prostate cancer, especially if 
one suspects extracapsular or metastatic disease.4! 

Bone scans and skeletal radiography were once “rou- 
tine” tests for staging prostate cancer. However, as more 
and more cancers are being detected early and with our 
knowledge of the ability to predict outcome using the 
PSA value, these tests are infrequently used and ordered 
only when one is suspicious of bony metastases. As stated 
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earlier, for a newly diagnosed prostatic cancer, if the PSA 
is no more than 10.0 ng/ml a bone scan is not necessary. 
When bone scanning is performed and shows abnormal- 
ities, skeletal radiography may confirm the abnormali- 
ties as osteoblastic lesions. Unfortunately, this finding is 
also nonspecific, and clinical correlation must be exer- 
cised when making the diagnosis of skeletal metastases. 

Pelvic computed tomography (CT) is a tool for staging 
prostatic cancers with evidence of pelvic lymph nodal 
metastases. Levran et al. reported a 1.5% yield of positive 
nodal disease on pelvic CT performed on 861 patients 
undergoing staging for histologically confirmed prostate 
cancer. Levran et al. also reported that among 409 pa- 
tients with negative preoperative pelvic CT for nodal 
metastasis only 3.7% (15/409) were found to have posi- 
tive lymph nodes following pelvic lymphadenectomy.?? 
Because of this low yield and the inability of the scanners 
to identify small lymph node metastases, we believe 
pelvic CT should not be used as a routine staging test but 
should be used only when one suspects extensive disease 
manifested by findings on the DRE, PSA level, and histo- 
logic score. 

Magnetic resonance imaging (MRI) using an endorec- 
tal coil was reported to be a potential tool for assessing 
the local stage of the prostate cancer. The objective of 
this test is to determine if it can distinguish intracapsular 
versus extracapsular extension of the cancer. Outwater et 
al. reported a low level of sensitivity and specificity and 
concluded that at the present time the usefulness of the 
endorectal coil is limited because of the lack of diagnos- 
tic signs that uniformly identify extracapsular penetra- 
tion.43 The Radiology Diagnostic Oncology Group proj- 
ect compared three MRI techniques to assess the 
accuracy of each technique for staging early prostate 
cancer. The result showed that no technique was highly 
accurate for staging early prostate cancer.44 

Pelvic lymphadenectomy, which can be performed as 
an independent procedure or in conjunction with radi- 
cal prostatectomy, is considered diagnostic rather than 
therapeutic, as there is little evidence that pelvic lymph- 
adenectomy in any way influences the natural history of 
the disease. The procedure can be performed laparo- 
scopically or through an open suprapubic incision. Data 
from several investigators suggest that “routine” bilateral 
pelvic lymphadenectomy is not necessary if certain con- 
ditions are met. Again, the criteria to be included are the 
PSA value and the Gleason scoring.45 

After considering all the information available, clinical 
staging can be accomplished. Unfortunately, despite all 
of the tests available at the present time, a significant de- 
gree of understaging still exists. Partin et al. reported 
their experience in a series of 955 patients with clinically 
localized prostate cancer staged between Tla and T2c or 
between Al and B2 disease. After radical prostatectomy, 
only 37% (n = 356) were pathologically confirmed to be 
organ-confined. There were 194 (20%) patients with fo- 
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cal capsular penetration, 189 (20%) patients with estab- 
lished low grade capsular penetration, and 79 (8%) pa- 
tients with established high grade capsular penetration. 
There were 66 (7%) patients with seminal vesicle in- 
volvement and 71 (7%) patients with lymph node in- 
volvement.46 A comparison of clinical staging methods 
(TNM method and Whitmore-Jewett system) is pre- 
sented in Table 11.1 and Figure 11.1. 


Treatment 


The treatment options for prostatic carcinoma depend 
on two major factors: the stage of the disease and the 
general health of the patient, including the estimated 
life expectancy. In general, when the disease is localized 
within the prostate, the objective is to ensure eradication 
of the malignancy. The standard therapeutic options in- 
clude radical prostatectomy, radiation therapy, or both. 
Cryosurgery, although an option, is still considered in- 
vestigational. Watchful waiting, which basically means 
constant surveillance without delivering any active ther- 
apy, has been suggested as an option for patients with lo- 
calized disease. Adolfsson et al. concluded, based on 
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their data, that deferred treatment is an acceptable op- 
tion for patients with tumor clinically confined to the 
prostate and a life expectancy of 10 years or less.48 When 
the disease is disseminated, the major goal is palliative in 
nature, either with no immediate therapy in asympto- 
matic cases, hormonal ablation therapy with medications 
or bilateral orchiectomy, localized radiation therapy, or 
even investigational chemotherapy. 

For stage Tla (Al) disease, in which the disease is di- 
agnosed following a simple TURP, no further therapy is 
indicated except for watchful waiting. One must be sure, 
however, that the disease is indeed Tla (Al). It can be 
verified by a repeat prostate biopsy, usually via a transrec- 
tal ultrasound-guided sextant biopsy of the prostate, al- 
though there are still a few advocates of repeating a 
TUR. Aside from disease at this stage, where TURP may 
have been curative, TURP has no role in the curative 
therapy of prostatic carcinoma. 

Stage Tlb (A2) disease, in which the volume is more 
than 5% or the cells are poorly differentiated regardless 
of volume, is grouped with stage T2(B) and TIC in 
terms of therapy. At this stage, the tumor is considered 
to be significant but still confined to the gland. The 
standard treatment options here include radical prosta- 


Clinically inapparent tumor found incidentally in tissue resected from prostate for other reasons; tumor involving 5% or less of 


Clinically inapparent tumor found incidentally in tissue resected from prostate for other reasons; tumor involving more than 


Metastasis in a single lymph node more than 2 cm, but not more than 5 cm at greatest dimension, or in multiple lymph nodes 


Stage 
TNM ABCD Description 
TO No evidence of tumor 
Tla Al 
tissue resected 
Tlb A2 
5% of tissue resected. 
Tic BO Tumor that cannot be felt with DRE; identified because of high PSA level in bloodstream 
T2a Bl Tumor involving half or less of one prostate lobe 
T2b Bl Tumor involving more than half of one lobe, but not both lobes 
T2c B2 Tumor involving both lobes 
T3a Cl Unilateral extension of tumor outside prostate 
T3b Cl Bilateral extension of tumor outside prostate 
T3c C2 Tumor invading one or both seminal vesicles 
T4a C2 Tumor invading bladder neck and/or external sphincter and/or rectum 
T4b C2 Tumor invading additional areas adjacent to prostate 
NO No regional lymph node metastasis 
Nl D1 Metastasis in a single lymph node, 2 cm or less at greatest dimension 
N2 D1 
none more than 5 cm at greatest dimension (see Fig. 11.1) 
N3 D1 Metastasis in a lymph node more than 5 cm at greatest dimension 
MO No distant metastasis 
M1 D2 Distant metastasis, such as in the spinal column (see Fig. 11.1) 


Cancer is from Middleton et al., 47 with permission, indicated by dark shading in Figure 11.1. 
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FIGURE 11.1. Stages of prostatic carcinoma. (From Middleton et al., 47 with permission.) 
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tectomy, radiation therapy, or both, with cryotherapy as 
an investigational option. For patients with bulky disease 
(e.g., T2b) several investigators have suggested debulk- 
ing the tumor prior to radical prostatectomy in the hope 
of reducing the margin-positive outcome. Although this 
approach is controversial, Soloway et al. presented a pre- 
liminary report suggesting that patients who were given 
preoperative androgen blockade, compared to those 
who did not, had a significantly lower rate of capsule 
penetration (47% versus 78%), positive surgical margins 
(18% versus 48%), and tumor at the urethral margins 
(6% versus 17%).49 This approach (androgen depriva- 
tion) is also being used for patients undergoing radia- 
tion therapy. Hanks et al. reported combining androgen 
deprivation and conformal radiation therapy for locally 
advanced prostate cancer with encouraging results. 
These trials are now being extended to the poor-progno- 
sis group with stage T1-T2 disease.50 

Stage T3(C) disease, in which the tumor is considered 
to have penetrated the capsule but without recognized 
distant disease, is treated with radiation therapy. In cases 
where the diagnosis is made retrospectively following 
radical prostatectomy, radiation therapy is usually ap- 
plied postoperatively. Unfortunately, preliminary data 
suggest that radiation given in this setting does not seem 
to alter the occurrence of distant disease and mortality, 
although it successfully controls local disease.5! As for 
the bulky localized disease, efforts are also being di- 
rected to the use of hormonal ablation in conjunction 
with radiation therapy in this group. Obviously, only 
time will tell if this approach is superior to the standard 
treatment (no hormonal ablation). 

Stage D disease, in which the nodes are positive (D1) 
or there are distant lesions, the principal form of therapy 
is hormonal manipulation. There is continuing debate 
as to the timing of the hormonal therapy in asympto- 
matic patients. Currently the timing and the hormonal 
therapy must be tailored to the individual patient. The 
option of hormonal therapy includes the use of an LH- 
RH agonist to eliminate testosterone production by the 
testes. Presently, it is a monthly injection that costs ap- 
proximately $550 per injection. An alternative to the 
monthly injection is the surgical option of bilateral or- 
chiectomy. There is no evidence that one option is supe- 
rior to the other in terms of eliminating the level of 
testosterone in the body. In addition to the LH-RH ago- 
nist or bilateral orchiectomy, the use of an androgen 
blocker has been advocated to.block the nontesticular 
androgen effect on the prostate cancer cell. Flutamide is 
the most studied drug in this category. Similar to the 
controversy regarding the timing of hormonal manipula- 
tion, the benefit of combined therapy versus single- 
hormone therapy of the agonist or orchiectomy alone 
has come under discussion. Cookson and Sarosdy excel- 
lently reviewed the issues involved in hormonal therapy 
for metastatic cancer.52 Although they suggested a bene- 
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ficial effect with early therapy and with the combined 
therapy, in the end they proposed that therapy should be 
individualized. 

There is no controversy about the treatment of symp- 
tomatic metastatic disease. Hormonal manipulation is 
the first line of treatment. When this approach fails, no 
one form of treatment has been found to give a lasting 
effect beyond a few weeks or months. For localized bone 
pain a short course of radiation therapy is usually effec- 
tive for a few months. Systemic radioactive strontium 
therapy is also available and is an option for symptomatic 
bony metastasis. Beyond this regimen, several chemo- 
therapeutic agents are available in several investigational 
forms. Unfortunately, at this point no chemotherapeutic 
agent has proved superior to hormonal therapy. In the 
late stage when pain becomes intractable, narcotics are 
used liberally. 

Internal and external urinary diversion may be indi- 
cated in patients with ureteral or urethral obstruction. 
Ureteral stents have been used successfully in patients 
with unilateral or bilateral obstruction. These stents must 
be replaced periodically, usually every 3-6 months. Un- 
fortunately, in some patients with severe bony metastases, 
excessive hypercalciuria causes significant encrustations 
within a short time, so stent exchange must be done 
much more frequently than every 3—6 months. If stent- 
ing is not possible or ultimately fails, percutaneously 
placed nephrostomy tube drainage is the next option. As 
with stents, these nephrostomy tubes must be changed 
periodically to avoid obstruction from encrustations. 

Urethral stricture is not an uncommon complication 
of radiation therapy or radical prostatectomy. The initial 
approach is to either dilate or incise the stricture if possi- 
ble. Care must be exercised when managing the stricture 
in men who are continent, as incontinence may follow 
successful treatment of the stricture. At times, one has 
no choice in that the stricture is at the membranous ure- 
thra; in these cases the patient must be advised of the 
likely possibility of incontinence if one has to definitively 
treat the membranous or bladder neck stricture. In cases 
of impassable stricture, correction of the obstruction 
through a suprapubic approach and placement of a 
suprapubic tube are options to consider. 

Prostate cancer becomes more of a problem as the life 
expectancy of the male population increases. We are in 
the midst of an exciting period in the evolution of the 
evaluation and management of prostate cancer. I predict 
that although the incidence of prostate cancer is increas- 
ing, we will be able to face it head on and ultimately 
come out victorious. 
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Sonography of Carcinoma of the Prostate 


Richard D. McLeary 


To perform an optimal transrectal ultrasound examina- 
tion (TRUS) of the prostate it is necessary to have the 
rectum cleansed of stool. We request that the patient 
have an enema to cleanse the rectum 1 hour before the 
examination. This step is especially important if the 
scanner has a water standoff, as any residual particles of 
stool may cause acoustic shadowing and preclude ade- 
quate demonstration of the rectal wall and the prostate. 
With an end-fire probe it is possible to obtain adequate 
contact for imaging without an enema, but if biopsy is to 
be performed at the same time, an enema seems pru- 
dent. The patient is not required to be fasting. 


Examination Technique 


There are two basic transducer designs available. One is 
an end-fire probe that produces an image plane looking 
straight ahead; the other is a biplane concept with an im- 
age plane looking straight ahead and a second image 
plane 90 degrees perpendicular to the other plane. Each 
of these basic designs is available using either a fixed fo- 
cus mechanical transducer or an electronically focused 
phased array transducer. It is beyond the scope of this 
chapter to explain the physics of these transducers, but 
the operator must know the focal properties of the trans- 
ducer in use and ensure that the region of the prostate 
examined is within its focal zone. 

It is possible to perform a thorough examination us- 
ing either type of transducer. We prefer a contact end- 
fire electronically focused phased array transducer with 
a field of view of at least 120 degrees. This design has 
several advantages that are not possible with biplane de- 
signs. The major advantage is the ability to scan and 
biopsy in the transverse, sagittal, or any oblique plane, 
facilitating the potential to stage, by biopsy, a lesion with 
histologic cores from the areas where we suspect a posi- 
tive margin may be present. In addition, if excessive 
bleeding occurs after the biopsy, the probe can be used 
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to tamponade the bleeding site. One feature often over- 
looked when purchasing a transducer is its circumfer- 
ence. The smallest available transducer in circumfer- 
ence, if all other factors are equal, ensures a more 
comfortable examination for the patient. 

Prior to the TRUS a digital rectal examination (DRE) 
must be performed. The DRE detects the presence of 
anal stenosis, determines the correct path for probe in- 
sertion in patients with severe hemorrhoids, and detects 
a potential rectal mass. The findings of the DRE of the 
prostate can be correlated with those of the TRUS. The 
DRE and TRUS are performed with the patient in the 
left decubitus position with his legs in the knee-chest po- 
sition. 

The patient’s serum prostate specific antigen (PSA) 
level should be known to help decide if a biopsy is ap- 
propriate. All of the glandular tissues of the prostate 
elaborate PSA. It is present in normal, hyperplastic, and 
neoplastic tissues and at metastatic sites. For PSA to 
reach the serum, it must cross a barrier composed of sev- 
eral cell layers.1 Any process that alters barrier perme- 
ability may increase the transit of PSA into the serum, 
thereby explaining the elevation of PSA produced by a 
variety of pathologic conditions. It has been determined 
that serum PSA is elevated by 0.3 ng/ml for every gram 
of glandular benign prostatic hypertrophic (BPH) tis- 
sue.2 Prostate carcinoma elevates PSA 10-12 times as 
much as does a similar volume of BPH.3 Within a carci- 
noma the greatest amount of PSA is elaborated by Glea- 
son grade 3 tumor cells.4 Therefore it is possible to have 
a small high grade cancer with a normal PSA.5 The up- 
per limit of normal for PSA is 4 ng/ml. We have encoun- 
tered a group of patients whose PSA levels are abnor- 
mally elevated and fluctuate in absolute value; and these 
patients have had repeated negative biopsies of normal- 
appearing glands. The answer to our dismay about not 
understanding the etiology of the abnormal PSA levels 
in this patient population may lie in the analysis of free, 
complexed, and total serum PSA.6 When the PSA assay 
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FIGURE 12.1. Transverse image of the seminal vesicles 
(SV) and ampulla of the vas deferens (arrow). 
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initially became available, concern was raised that a sam- 
ple obtained after a DRE might show a falsely elevated 
PSA level. Several large studies have failed to confirm 
this theory, and the knowledge that cellular barrier per- 
meability must be compromised explains these findings. 

The TRUS examination is performed in real time, 
starting in the transverse plane and first looking at the 
vas deferens and seminal vesicles for their presence, sym- 
metry, size, and appearance (Fig. 12.1). At this time the 
transducer is oriented to the midcoronal plane of the pa- 
tient (Fig. 12.2). Starting at the base of the prostate we 
examine the entirety of the gland to the apex and then 


C2? 
FEB 
1991 


= 
= 
= 4 
= 


FicGuRE 12.2. Transverse image 
demonstrating the fat plane (arrow- 
heads) between the base of the 
prostate (P) and the junction of the 
seminal vesicles and vas deferens. 
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measure maximum width of the gland. The transducer is 
then rotated 90 degrees and the gland’s length and 
height are measured (Fig. 12.3) and a volume (height x 
weight X length X 0.5) is calculated.7 This step allows 
calculation of the predicted PSA (PPSA), which is the 
sum of the gland volume X 0.12.8 The PPSA is then com- 
pared to the serum PSA. If the serum PSA is greater than 
the PPSA, it is an abnormal relation. A similar method to 
utilize these data is calculation of PSA density (PSAD), 
which is done by dividing the gland volume by the serum 
PSA.9 The normal PSAD is a ratio of less than 0.10%. If 
either of these relations are abnormal a biopsy is indi- 
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FIGURE 12.3. (A) Measurement of gland width (arrowheads). 
(B) The length of the gland is from the base of the gland to 
the hypoechoic external sphincter (arrowhead). The height is 


cated. Patients with an abnormal PSA velocity,!0 which is 
an increase in the PSA level of 20% or more over a 
12-month period, should also undergo biopsy, even if 
the absolute serum PSA is within the normal limit of 
4 ng/ml. 

Patients with a normal or unknown PSA should not be 
scheduled for the TRUS examination, although patients 
in this situation occasionally present for it. In this setting 
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the greatest distance from the top of the gland to the rectal 
surface taken at 90 degrees to the length (arrows). 


we scan the patient, calculate the predicted PSA, and 
recommend that a serum PSA assay be done. If the 
serum PSA is greater than the predicted value, we re- 
quest that the patient be rescheduled for biopsy. Occa- 
sionally in patients with a normal or unknown PSA, a 
firm hypoechoic peripheral zone lesion is encountered. 
The texture may be determined by compressing the le- 
sion with the transducer (Fig. 12.4), and the presence of 
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FIGURE 12.4. This hypoechoic lesion (C) 
was noted on DRE. It was not compressible 
with pressure from the probe. Biopsy 
demonstrated cancer. 


a cancer with a normal PSA level must be excluded by 
biopsy (Fig. 12.5). 

In all patients prior to any biopsy, the examination is 
completed by imaging in both the axial and sagittal 
planes with appropriate permanent image documenta- 
tion. We suggest that the examination consist of two dis- 
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tinct components, initially fully concentrating on the pe- 
ripheral and central zones and then evaluating the tran- 
sition zone. If a biopsy is performed, images of the 
biopsy tracts are documented, permitting correlation 
between the histology and the location of the tissue biop- 
sied. 


FIGURE 12.5. This patient presented with a PSA of 1.9 ng/ml. The DRE was suspicious, and biopsy of the hypoechoic lesion (C) 


revealed a high grade cancer. 


CINELOOP (R) REVIEW 


Anatomy of Prostate 
and Seminal Vesicles 


Three glandular zones of the prostate have been de- 
scribed by McNeal. These zones surround the ejaculatory 
ducts and urethra and are in turn surrounded by the 
prostate capsule posteriorly and laterally. The anterior 
surface is covered by a dense fibromuscular stroma.11 The 
normal prostate volume is approximately 25 cc. With the 
onset of BPH, volumes of 60-100 cc are common. The 
largest gland we have seen was more than 220 cc. The av- 
erage volume of a prostate with a T2b cancer is 40 cc. 

The concept of an inner gland formed by the paired 
transition zones and an outer gland composed of the pe- 
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FIGURE 12.6. Transverse image of a 60 cc gland 
shows separation of the transition zones (T) from 
the outer gland by the hypoechoic surgical capsule 
(arrowheads). 


ripheral and central zones, separated by the surgical cap- 
sule, correlates well with the ultrasonic appearance of 
the prostate (Fig. 12.6). The peripheral zone extends 
along the rectal surface from the base of the prostate to 
the apex. It continues laterally and anteriorly, constitut- 
ing 70% of the glandular prostate. The glandular acini 
of the peripheral zone drain via ducts that radiate from 
the prostatic urethra laterally and distally to the veru- 
montanum. The ejaculatory ducts empty lateral to the 
verumontanum, a slight elevation along the posterior as- 
pect of the urethral floor. 

The appearance of the peripheral zone on TRUS is 
the baseline reference level of echogenicity (i.e., iso- 
echoic). Typically, the central zone is more echogenic 
and the transition zone less echogenic than the periph- 


FIGURE 12.7. Parasagittal image demonstrates the 
different zonal levels of echogenicity. 
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FIGURE 12.8. Sagittal image of the trape- 
zoid space, showing the prostate apex 
(A), urethra (U), rectourethralis muscle 
(M), and rectal wall (RW). Some patients 
have a small focus of muscle (arrowhead) 
at the tip of the apex. 


eral zone (Fig. 12.7). The capsule of the prostate does 
not continue to fully surround the apex of the periph- 
eral zone. The space just caudal to the apex is called the 
trapezoid area. This space is bounded by the prostate 
apex, urethra, rectourethralis muscle, and rectal wall 
(Fig. 12.8). 

The central zone constitutes 25% of the glandular 
prostate. It contains most of the glandular tissue at the 
base of the gland and extends in a cone-like shape to the 
verumontanum. Its ducts empty close to the ejaculatory 
duct orifices, having followed these ducts proximally 
from near the prostate base. Its posterior and lateral 
margins fuse with the medial margins of the peripheral 
zone. The ejaculatory ducts pass through the central 
zone from their formation at the gland base to the veru- 


FIGURE 12.9. Sagittal image of the invaginated ex- 
traprostatic space (arrows) surrounding the ejac- 
ulatory ducts to the verumontanum (V). 


montanum. The ejaculatory ducts are surrounded by an 
invagination of the tissues of the extraprostatic space. 
The invaginated extraprostatic space (IES) is a continua- 
tion of connective and vascular tissue that extends from 
outside the prostate to the level of the verumontanum 
(Fig. 12.9).12 The IES forms a pathway along which can- 
cers arising in the peripheral zone may spread through 
the prostate to escape into the midline space at the 
prostate base or involve the seminal vesicles by direct ex- 
tension along the ejaculatory duct. Another method of 
seminal vesicle involvement is direct extension of cancer 
from the prostate base into the proximal seminal vesicle 
(see Figs. 27.1 and 27.2). 

The urethral segment proximal to the verumontanum 
is surrounded by the periurethral smooth muscle sphinc- 
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ter, which exists only proximal to the verumontanum. 
This sphincter contracts during ejaculation to prevent 
retrograde ejaculation and is removed to a variable ex- 
tent at transurethral resection (TUR). The proximal ure- 
thral segment is angulated at 35 degrees anterior to the 
plane of the distal urethral segment. In the young male, 
gland and ductal development is minimal, forming the 
bilateral transition zones, which account for 5% of the 
glandular tissue at that stage in development. 

Among the patient population presenting at TRUS be- 
cause of an abnormal PSA, most have an abnormal PSA 
because of BPH. BPH is composed of two types: (1) a fi- 
bromuscular stromal form, which is homogeneous in 
texture and is therefore hypoechoic in appearance; and 
(2) a glandular form, which is isoechoic in appearance. 
The development of BPH adenomas may or may not be 
symmetric, and the degree of enlargement is highly vari- 
able. The occasional development of BPH from the peri- 
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FIGURE 12.10. Corpora amylacea outline a part of 
the surgical capsule (arrows). 


urethral glands forms the median lobe, which may cause 
difficulty with initiating micturation by mechanically ob- 
structing the bladder neck. A large cyst of the ejacula- 
tory ducts may cause similar symptoms. Ultrasound- 
guided puncture of the cyst may offer a temporary or 
complete cure. An 18-gauge core needle usually tears the 
cyst wall sufficiently to effect a cure. 

Prostate concretions are present in many patients and 
may be secondary to infarcts, reflux of urine with deposi- 
tion of salts, or prior inflammatory events. Concretions 
may develop within the lumens of the periurethral 
glands, thereby outlying the course of the preprostatic 
urethra. Large concretions are often located at the veru- 
montanum and when viewed in the transverse oblique 
plane have been described as the Eiffel tower sign. Cor- 
pora amylacea are proteinaceous deposits that arise 
within the surgical capsule and appear as concretions on 
ultrasound scans (Fig. 12.10). The amount of concre- 


FIGURE 12.11. Prominent neurovascular bundles en- 
ter the left prostate margin (arrows). 
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FIGURE 12.13. Transverse image of the ejaculatory 
ducts (arrow) passing through the central zone. 


tions present may be sufficient to obstruct imaging of a 
portion of the gland or mimic a palpable neoplasm on 
DRE. 

The prostatic artery, a branch of the prostaticovesical 
trunk, gives rise to branches that enter the prostate via 
the IES, the internal sphincter, and the apex. Branches 
supply the seminal vesicles, and color Doppler sonogra- 
phy has shown some bridging branches that extend be- 
tween the seminal vesicles and the prostate base. Other 
branches define the locations of, and enter the gland 
with, the superior and inferior divisions of the bilateral 
neurovascular bundles.!3 The neurovascular bundle lies 
lateral to the prostate and sends numerous branches to 
the prostate by means of a superior and inferior pedicle. 
The superior pedicle arises at the prostate base, subdi- 
vides into multiple branches, and supplies most of the 
gland. The most prominent branches enter at the pos- 
terolateral corners. The branches of the inferior pedicle 
supply the prostate apex. The neurovascular bundles on 
the dependent side of the patient may become engorged 
during TRUS, forming a suspicious hypoechoic area; 
however, blood flow is visible with real-time imaging, and 
they are easily compressed (Fig. 12.11). Within the gland 
are vessels about the internal sphincter and in the IES 
that join at the verumontanum (Fig. 12.12). Numerous 
vessels course within the subcapsular plane, and other 
vessels pass along the surgical capsule. 

The seminal vesicles are bilateral symmetric convo- 
luted saccular structures lying cephalad to and tapering 
toward the base of the prostate. They are variable in size 
and volume secondary to sexual activity. Typically, they 
are about 4.0 cm in length and about 1.5 cm in height 
and width. The long axis of the seminal vesicles is 
aligned approximately 30 degrees to the base of the 
prostate. The ducts of the seminal vesicles join the am- 
pulla of the vas deferens to form the ejaculatory ducts. 
The junction is usually complete at the prostate base, al- 
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though the junction of the ducts may occur as far caudal 
as the verumontanum. The ejaculatory ducts pass via the 
IES through the central zone to the verumontanum. The 
ejaculatory ducts are hypoechoic on TRUS owing to 
the fact that they are surrounded by a muscular sheath 
(Fig. 12.13). 


Varied Appearance 
of Prostate Cancer 


All prostate adenocarcinomas arise in the peripheral 
glandular aspects of the three zones of the gland. Ap- 
proximately 70% of cancers arise in the peripheral zone. 
Most of the peripheral zone cancers arise within 3 mm of 
the capsule of the prostate.!14 The most common loca- 
tion of visible peripheral zone cancers is in the mid to 
apical lateral aspect of the zone in the region of inser- 
tion of the major branches of the neurovascular bundles 
(Fig. 12.14). These cancers initially grow down to and 
spread along the subcapsular tissue planes (Fig. 12.15). 
As the cancer increases in volume, the typical pattern of 
enlargement is in the anterior posterior and cephalocau- 
dal planes.15 Further enlargement is outward, with the 
potential for partial or complete penetration of the pro- 
static capsule. On occasion a cancer enlarges sufficiently 
to extend to, displace, or penetrate the surgical capsule. 
Once the volume of a cancer reaches 1.5 cc, the poten- 
tial for tumor spread out of the gland and metastasis de- 
veloping increases significantly.!6 Cancers that arise pos- 
teriorly eventually reach a size sufficient to be palpable. 
Approximately 25% of peripheral zone cancers arise lat- 
erally and anterior to the level of the verumontanum 
and are nonpalpable. An important consideration re- 
garding cancers that arise at the apex is that the capsule 
is attenuated or absent, permitting early spread into the 


214 Richard D. McLeary 


FIGURE 12.14. Transverse image of the most common 
location of a cancer (C), arising in the corner of the pe- 
ripheral zone at the entrance of branches from the neu- 
rovascular bundles (arrows). 


FIGURE 12.15. The cancer (C), which likely arose in 
the right corner of the gland, has spread along the 
subcapsular plane to the left lobe. Biopsy demon- 
strated complete capsular penetration on the right 
side. 
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FIGURE 12.16. This left apical cancer (C) 
has extended into the trapezoid space (ar- 
row). 
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trapezoid space. This situation is complicated by the fact 
that it is technically the most difficult area to completely 
resect at radical prostatectomy.17 

The earliest route of peripheral zone cancer escape is 
via the perineural space within the nerves of the neu- 
rovascular bundle, and the cancer may be well outside 
the gland and within this space before capsular invasion 
occurs.18 The other routes of cancer escape are com- 
plete capsular penetration, apical extension (Fig. 12.16), 
spread via the IES to the base at the midline or direct 
growth into or invasion of a seminal vesicle (Fig. 12.17), 
invasion of the bladder neck, and anterolateral breakout 
at the junction of the prostate capsule and the anterior 
fibromuscular stroma.!9 

The central zone is the site of origin of approximately 
5% of carcinomas. In our experience central zone can- 
cers are usually small in volume, arise in the midline 
near the prostate base (Fig. 12.18), and may have es- 
caped via the tissues of the IES when they are discovered. 


FIGURE 12.17. (A) Large apical cancer that gained 
access to the IES has grown into the right seminal 
vesicle (asterisks). (B) This cancer (CA) has involved 
the right seminal vesicle (SV) and is present in the 
extraprostatic tissues above the gland base (arrow). 
NLPZ = Normal peripheral zone. B 
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The transition zones are the sites of origin of 25% of 
cancers, many of which appear to arise within BPH tis- 
sue.20 These cancers typically arise anteriorly, apically, 
and laterally (Fig. 12.19). Transition zone cancers may 
extend to involve the bladder neck or grow apically, and 
they may be the cause of a positive apical surgical mar- 
gin. The anterior fibromuscular stroma is often invaded, 
but complete penetration is unusual. These cancers may 
grow to volumes sufficient to present with PSA levels 
consistent with metastatic disease.2! These findings rein- 
force the concept of examining the transition zone as a 
separate entity during TRUS. If a cancer is found at 
transurethral prostatectomy (TURP), the amount pres- 
ent in the tissue removed may not be indicative of the tu- 
mor burden present. It is also possible that the TURP 
may transgress the surgical capsule and sample a cancer 
arising within the peripheral zone. It is therefore prefer- 
able to perform a PSA assay prior to TURP, and if the 
PSA level is abnormal an ultrasound examination must 
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FIGURE 12.18. Small central zone cancer (C) is present. The IES is not involved (arrow). 


be done to exclude the presence of cancer arising in the 
transition or peripheral zone. 

Prostate cancers develop in three gross histologic pat- 
terns. The most common type is a nodular or nodular- 
infiltrating pattern (65%). Less prevalent is an infiltrat- 
ing pattern (35%). The nodular and nodular-infiltrating 
tumors are homogeneous and therefore hypoechoic in 
appearance (Fig. 12.20). These tumors are firm in tex- 
ture and therefore palpable if located adjacent to the 
rectal wall. Using a contact end-fire transducer demon- 
strates that these tumors are not deformable when com- 
pressed, whereas some benign hypoechoic lesions (e.g., 
atrophy, “normal,” and BPH) are as pliable as adjacent 
normal tissue. Acute, chronic, and granulomatous pro- 
statitis may appear hypoechoic and is usually firm and 
not deformable. 

The presence of hyperechoic foci within a hypoechoic 
mass is characteristic of some of the cribriform pattern 
adenocarcinomas; the bright echoes are secondary to 
comedo necrosis (Fig. 12.21). Other causes of hyper- 
echoic foci within a hypoechoic cancer are crystalline 
shards.22 Focal concretions may be enveloped by cancer 
and appear as hyperechoic foci within the hypoechoic 
mass. 

The infiltrating tumors blend with normal reflective 
tissue and may not be visible on the ultrasonic image 
(Fig. 12.22). They can be detected only by an abnormal 
PSA relation. Histologic examination of serially sec- 


tioned prostates has shown that most men in the patient 
population who present for TRUS have cancers in the 
gland. Whether these cancers are biologically significant 
is an unresolved dilemma. The cancers are often multifo- 
cal and may be present within both peripheral and tran- 
sition zones.?3 A hyperechoic cancer, in our experience, 
has never been seen. 


Color Doppler Sonography 
of the Prostate 


Color Doppler evaluation of the prostate has shown that 
most cancers are hypervascular (Fig. 12.23; see color in- 
sert).24 The cancers that are hypoechoic in gray scale are 
hypervascular when evaluated with the color Doppler tech- 
nique. Spectral analysis has demonstrated that the vessels 
within the prostate have a resistive index between 0.50 and 
0.80 and velocities between 6 and 30 cm/s. These values 
are not changed within a cancer or prostatitis. The infil- 
trating cancers are isovascular as well as being isoechoic. 
Both acute and chronic prostatitis and occasionally atro- 
phy demonstrate increased flow. When scanning the nor- 
mal prostate a series of reproducible vessels are found that 
loosely correlate with the locations of positive margins.13 A 
question yet to be answered is whether these blood vessels 
aid in the spread of cancer within the gland and aid 


12. Sonography of Carcinoma of the Prostate 217 


GN.FS 07381874 PSA 2?. 1M 
U=45 PSAD= .6 


B 


FIGURE 12.19. (A) Transverse image of a large right transition (B) Sagittal image of the same cancer, which has also grown 
zone cancer (C) that has penetrated the junction of the into the bladder neck (arrow). 
capsule and the anterior fibromuscular stroma (arrows). 
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the escape of cancer from the gland. The use of the 
“power Doppler” technique has not offered any addi- 
tional information when compared to conventional 
color Doppler sonography. We believe that the major 
contribution of the color Doppler technique in the eval- 
uation of the abnormal prostate is the ability to discern 
which of several hypoechoic areas are hypervascular and 
thereby decrease the number of unnecessary additional 
biopsies (Fig. 12.24; see color insert). 


Biopsy Techniques 
and Complications 


When the patient arrives we check his PSA level, and if it 
is greater than 10% of his age or if he has an abnormal 
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FIGURE 12.20. Sagittal image of a palpable 
nodular hypoechoic cancer (C) in the api- 
cal neurovascular bundles (arrowheads). 


PSA velocity we obtain signed consent, determine vital 
signs, and give premedication before he enters the ex- 
amination room. Exceptions to this protocol are patients 
in whom the age-PSA relation is within normal values 
and patients on anticoagulants or with a history of car- 
diac valvular disease or a bioprosthesis. Our standard 
premedication is a full oral dose of a third-generation 
fluoroquinolone. The time to rise to therapeutic serum 
levels is approximately 0.5 hour. Patients with cardiac 
valvular disease or a bioprosthesis are given intravenous 
gentamicin 80 mg followed by 1 g cefazolin (Kefzol); 
they are then converted to our fluoroquinolone protocol 
after biopsy. All biopsies are performed transrectally with 
the end-fire transducer. In our experience the probabil- 
ity of infection requiring hospitalization after biopsy is 
less than 1 in 300 using a 3-day postbiepsy antimicrobial 
treatment with third-generation fluoroquinolones. Pa- 


FIGURE 12.21. Cribriform pattern cancer (C) 
with comedo necrosis involves the left lobe and 
is displacing the surgical capsule inward (ar- 
rowheads). 
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FIGURE 12.22. Infiltrating cancer is isoe- 
choic and can be detected only by an ab- 
normal PSA assay. This cancer (C) was 
present in five of six sextants at biopsy. 


tients with an elevated PSA level who have had an an- 
teroposterior resection for carcinoma of the rectum pre- 
sent a major dilemma for ultrasonography. These pa- 
tients should undergo magnetic resonance imaging 
(MRI) using a perineal surface coil for diagnostic imag- 
ing and volume calculation. If a suspicious area is seen 
or the calculated PPSA is less than the serum PSA, an at- 
tempt at ultrasound-guided transperineal biopsy may be 
performed using generous local anesthesia and a short- 
focus sector transducer, avoiding any midline scar tissue. 

The biopsy room should have, at the minimum, oxy- 
gen, intravenous fluids, atropine, nitroglycerine, and 
epinephrine. The most common complication after 
biopsy is a mild vagal reaction that usually does not re- 
quire treatment with atropine. A printed precautionary 
note, reiterating postbiopsy complications, should be 
available for the patient to take home with warnings 
about hematuria, rectal bleeding, and blood in the ejac- 
ulate. The precautionary note should mention the possi- 
bility of infection and who to call or where to go if it oc- 
curs. Patients with rectal stenosis not permitting 
transducer insertion are biopsied under light general 
anesthesia in an ambulatory surgical facility. 

There are a variety of 18-gauge core biopsy devices 
now available, and we suggest trying out several to find 
the one most comfortable to the operator. A useful fea- 
ture is to be able to open the core chamber with one 
hand to see if the core is satisfactory before proceeding 
to a different biopsy site. Extreme caution should be 
maintained once the needle has been inserted into the 
biopsy guide, as all transducers we have seen have a 
blind area where the needle may be within the rectal wall 
but not visible on the scanner. Redirecting the needle 
may cause laceration of the rectal wall. We suggest that 
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the needle not be inserted more than 1 inch and then 
advanced only when the target acquisition is finalized. 
Using an 18-gauge core device we have obtained as many 
as 14 cores without complication. 

The biopsy ideally determines the histology of the ab- 
normal area within the prostate and attempts to deter- 
mine the pathologic stage of the lesion. To accurately 
stage prostate cancer by biopsies, one must know the 
sites where cancer escapes the prostate. An imaging di- 
rected biopsy of the abnormal-appearing area and of the 
potential sites of cancer escape in the region of the le- 
sion for one-step histologic evaluation (and if cancer, 
staging) has been described.25 Three or more biopsy 
cores should be obtained from the abnormal-appearing 
area to ensure sufficient tissue for DNA analysis.26 The 
concept of staging at biopsy is important, as the demon- 
stration of cancer present outside the prostate is impor- 
tant information when selecting the optimal treatment. 
In some series of radical prostatectomy for clinical stage 
B cancer, approximately 50% actually were pathologic 
stage C disease.27 A different philosophy of biopsy is a 
biopsy scheme of a six-sextant biopsy to determine the 
volume of cancer present.28 An important modification 
to this technique is the inclusion of both anterior apical 
transition zones. The six-sextant samples should be ob- 
tained within 5-8 mm from the lateral margins of the 
peripheral zone (Fig. 12.25). This scheme of biopsy 1s 
best used to detect possible isoechoic infiltrating cancers 
not visible on the ultrasound scan. The sextant or octant 
biopsy should be performed in the following sequence. 
The first cores are taken from the bases, then the mid- 
gland, followed by the apical gland, and then the transi- 
tion zone. The reason for this sequence is that there are 
more nerves at the apex, and so the possibility of devel- 
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FIGURE 12.25. Correct location of the biopsy tract in the lateral peripheral zone. 


oping a vagal response is greater at the apical aspect of 
the gland. In situations where a suspicious lesion is seen, 
it has been advocated that cores be obtained from the 
normal-appearing side.29 Whether this step increases the 
potential of detection of a biologically significant con- 
tralateral cancer has been questioned.30 Indications for 
biopsy of the seminal vesicles based on clinical stage, 
PSA levels, and Gleason scores have been promulgated; 
however, with good quality TRUS imaging the true value 
of these recommendations must be reexamined.31-33 


In our laboratory we use both biopsy schemes depend- 
ing on the ultrasonic appearance of the lesion, its size, 
and its location. With either technique, if the histology is 
benign repeat biopsy of the area is recommended. + If 
the biopsy finds high grade prostatic intraepithelial neo- 
plasia (PIN), aggressive rebiopsy is indicated as the pres- 
ence of high grade PIN may represent a sampling error 
with cancer in the same area or elsewhere within the 
gland (Fig. 12.26).35 In addition, high grade PIN is 
thought to be the probable precursor of cancer,36 and 


FIGURE 12.26. Initial three-core biopsy 
of the left lobe was read as PIN grade 3; 
the three-core rebiopsy found Gleason 7 
cancer. 


12. Sonography of Carcinoma of the Prostate 


35% of patients with high grade PIN on needle biopsy 
are found to have cancer on the repeat biopsy.37 


Advantages, Limitations, and 
Pitfalls of Prostate Sonography 


The major advantage of TRUS is the ability of the novice 
to accurately guide sextant needle biopsy. In the hands 
of image-oriented experienced practitioners using state- 
of-the-art scanners, we believe that TRUS can biopsy and 
stage cancer accurately. The equipment and procedure 
costs are much less than those for MRI, the only compet- 
itive imaging modality. In addition, MRI can only infer 
early tumor spread, whereas histologic samples are de- 
finitive. 

Cooperation between urologists and radiologists work- 
ing for the best interests of their patients have had the 
best results with TRUS. Conversely “turf” wars have rele- 
gated TRUS in many institutions to the use of obsolete 
equipment for biopsy guidance. State-of-the-art scanners 
located in the diagnostic imaging suite are suitable for a 
variety of imaging needs, and some prostate transducers 
can also be used for transvaginal scanning. 

A major pitfall, which requires education of the gate- 
keeper physician, is obtaining a PSA level during a uri- 
nary tract infection. Before prescribing finasteride 
(Proscar) a TRUS examination should be done, as in 
some cases the obstructive symptoms are caused by peri- 
urethral scarring rather than BPH. Patients on finas- 
teride with rising PSA levels must be promptly evaluated 
by TRUS and biopsy. 
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Magnetic Resonance Imaging and Computed 
Tomography of Prostate Carcinoma 


Mitchell D. Schnalland Marco A. Amendola 


Adenocarcinoma of the prostate, a common malignancy, 
represents the most common cancer in men and the sec- 
ond leading cause of cancer deaths. Although it is often 
a slow-growing indolent disease, in 1995 it accounted for 
approximately 40,400 cancer-related deaths in America. 
The prevalence of this disease is underscored by the 
high incidence found in autopsy series: as many as 30% 
of men over age 50.1.2 

The traditional method for detecting prostate cancer 
has been the digital rectal examination. More recently, 
measurement of the serum prostate-specific antigen 
(PSA) has been added to the screening protocol. Pa- 
tients with an abnormal digital rectal or PSA examina- 
tion (or both) undergo biopsy. Although palpated le- 
sions are often biopsied under digital guidance, patients 
with abnormal PSAs are usually biopsied under ultra- 
sound guidance. Endorectal ultrasonography is used to 
ensure that there is adequate random sampling of the 
prostate gland and any other tissue with an ultrasound 
abnormality. The most often used random sampling reg- 
imen acquires three biopsy specimens (base, midgland, 
apex) from each side of the prostate. The addition of 
PSA to the screen protocol for prostate cancer has led to 
an increased rate of detection of this disease and greater 
detection of early-stage prostate cancer.3 

There are many therapeutic options available to pa- 
tients diagnosed with prostate cancer. External beam irra- 
diation, radical prostatectomy, and hormonal therapy rep- 
resent the traditional treatments for prostate cancer. 
More recently, cryosurgery and ultrasound-guided ra- 
dioactive seed placement have become available. Im- 
provements in the technique for radical prostatectomy 
that minimizes morbidity by allowing preserved erectile 
function through sparing of the neurovascular bundles 
has made this procedure a more favorable therapeutic op- 
tion.4 However, data suggest that radical prostatectomy is 
indicated only when the cancer is localized to the prostate 
gland. Thus in order to make an informed therapeutic 
decision, knowledge of the extent of prostate cancer is re- 
quired. Patients with cancer that has extended beyond the 


confines of the gland are most often treated with external 
beam irradiaton. Those with more disseminated disease 
receive hormonal therapy. Therefore it is no surprise that 
the largest role imaging plays in patients with prostate 
cancer is in staging and follow-up of their disease. 


Magnetic Resonance Imaging 
of Prostate 


Technique 


Several technical issues must be considered when planing 
a magnetic resonance imaging (MRI) examination. The 
two major considerations are the choice of the coil and 
the pulse sequence. Initially, prostate MRI was performed 
using the body coil (Fig. 13-1A).5 Although this method 
provides a large field of view and the ability to evaluate 
the entire pelvis, the resolution available at the level of the 
prostate is limited. Resolution can be improved through 
the use of surface coils. External multicoil array coils are 
now generally available from all manufacturers and can 
be used to improve the resolution of pelvic imaging. 
These coils can generally support “in plane” resolution of 
approximately 0.8—1.0 mm.6 When imaging the prostate, 
the highest resolution is available through the use of an 
endorectal surface coil: As high as 0.3 mm in plane with 
slices as thin as 3 mm is possible (Fig. 13.1B) The major 
drawback of the endorectal coil is that it can image only 
structures close to the rectum, and therefore it often has 
difficulty evaluating the anterior margin of a large 
prostate. It also is incapable of evaluating pelvic osseous 
structures and lymph nodes.” An endorectal surface coil 
can be used in conjunction with external multicoil arrays 
to increase its sensitivity profile (Fig. 13.1C), which allows 
images of the entire prostate, pelvic lymph nodes, and os- 
seous structures to be acquired. We believe that this is the 
optimal coil array with which to image the prostate.8 
There are several practical considerations when per- 
forming endorectal surface coil examinations of the 
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prostate. Placing the frequency encoding direction ante- 
rior to posterior minimizes motion artifacts through the 
prostate. The administration of 1 mg glucagon IM just 
prior to the study also minimizes bowl peristalsis. Lastly, 
it is important to completely expand the rectal balloon 
to at least 100 cc (Fig. 13.2). Underexpansion of the bal- 
loon allows more room for rectal peristalsis and thus ex- 
acerbates motion artifacts. 

The acquisition of Tl- and T2-weighted images is rec- 
ommended when performing a prostate MRI examina- 
tion. The Tl-weighted images are typically acquired as ax- 
ial Tl-weighted images using the highest resolution 
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FIGURE 13.1. (A) T2-weighted body coil image of the pelvis 
demonstrates the normal high signal intensity (SI) peripheral 
zone (large arrow) and low signal prostate cancer (small ar- 
row). (B) T2-weighted endorectal surface coil MR image of the 
prostate demonstrates the low SI central gland (small arrows) 
and high SI peripheral zone (large arrows). (C) Left: Image 
represents an axial T2-weighted image acquired with the en- 
dorectal surface coil alone. Center: Image was acquired with 
an anterior surface coil alone. Right: Combination of images 
from the endorectal surface coil and anterior coil array. Note 
that this image demonstrates high resolution with a high 
signal-to-noise ratio from the posterior aspect of the prostate 
through the anterior pelvic wall. 


possible with the coil configuration employed for the ex- 
amination. Using an endorectal surface coil we typically 
acquire images over a 12 cm field of view using 3 mm slice 
thickness. T2-weighted images are acquired using a fast 
spin echo or turbo spin echo sequence. We acquire im- 
ages heavily T2-weighted (TR 4000/TE 140) using an 
echo train of 16. We typically acquire T2-weighted images 
in axial, sagittal, and coronal planes. Note that newer gra- 
dient systems that support thinner slices or three-dimen- 
sional fast spin echo sequences may allow thin enough 
slices to be acquired so that a single T2 acquisition can be 
reformatted in any arbitrary plane. In addition to imaging 
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FIGURE 13.2. (A) Commercially available disposable endorec- 
tal prostate coil and associated autotune device (Medrad 
MRInnervu, Medrad, Pittsburgh, PA). (B) Schematic diagram 
of endorectal coil placement within the patient’s rectum adja- 
cent to the prostate. (C) Sagittal Tl-weighted MRI localizer 
view to confirm balloon (B) position and full expansion and to 
prescribe axial images. (Note Foley catheter in place in this pa- 
tient with a large prostate.) (D) Angled axial images being pre- 
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scribed from sagittal localizer. Note that in this patient with a 
large prostate additional slices are needed to cover the entire 
prostate and seminal vesicles. (E) Axial Tl-weighted endorec- 
tal coil image of a normal prostate in a different patient. Note 
that the internal zonal architecture is not well seen. The bor- 
der between the prostate and periprostatic fat is well visualized, 
as is the anterior periprostatic venous plexus (large arrows) 
and the elements of the neurovascular bundle (small arrows). 
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FIGURE 13.3. Axial T2-weighted endorectal surface coil image 
of the normal prostate. Note the high signal intensity (SI) pe- 
ripheral zone of the prostate (black arrows) that surrounds the 
heterogeneous central gland. The low SI prostatic capsule can 
be seen separating the peripheral zone of the prostate from 
the high SI veins in the neurovascular bundle (small arrows). 


the local prostate, we acquire body coil or external pelvic 
array coil images of the entire pelvis and infrarenal 
retroperitoneum. These images are designed to search for 
adenopathy and are helpful for evaluating the bony pelvis 
and lumbosacral spine for metastatic bone disease. 


Normal MRI Anatomy 


The prostate gland is located inferior to the urinary 
bladder, between the symphysis pubis anteriorly and the 
rectum posteriorly. The prostate is shaped like a cone 
with its apex inferiorly and base superiorly. McNeal de- 


FIGURE 13.4. Axial T2-weighted MR image of the prostate 
demonstrates an extremely large central gland (arrows) that 
contains mixed high and low signal intensity (SI) elements. 
The high SI elements represent glandular BPH, and the low SI 
elements represent stromal BPH. 
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scribed the anatomy of the prostate in terms of a zonal 
architecture.9 The peripheral zone makes up 70% of the 
normal prostate. It surrounds the central zone and is 
thickest at the apex and thinnest at the base. There are 
more glandular acini and less densely packed stroma in 
the peripheral than the central zone, which is likely re- 
sponsible for the high signal of the peripheral zone on 
T2-weighted images. The central zone comprises ap- 
proximately 25% of the volume of the normal prostate. 
It is thickest at the base and thinnest near the apex. The 
transition zone surrounds the periurethral glands and 
makes up approximately 5% of the normal prostate. Be- 
nign prostatic hyperplasia (BPH) originates in this zone. 
Therefore in the adult man this zone can become large 
and often accounts for most of the prostate volume. The 
anterior fibromuscular stroma covers the anterior sur- 
face of the prostate and forms its anterior boundary. 

On Tl-weighted images the zonal architecture of the 
prostate is not well identified (Fig. 13.2E). The prostate 
has a homogeneously intermediate to low signal inten- 
sity, well contrasted with the high signal intensity of 
periprostatic fat. Zonal architecture is well identified on 
T2-weighted images (Fig. 13.3).10 The peripheral zone 
has a typically high signal intensity relative to the remain- 
der of the prostate. The peripheral zone surrounds a 
combination of central zone and transition zone, which 
is often referred to as the central gland. Although on 
MRI the central and transitional zone are not well distin- 
guished from one another, they are distinct from the pe- 
ripheral zone (Fig. 13.4). 

The anatomic or true capsule of the prostate is a thick fi- 
bromuscular layer that surrounds the prostate and blends 
laterally with the visceral layer of the endopelvic fascia, an- 
teriorly with the anterior fibromuscular stroma, and poste- 
riorly with Denonvilliers fascia. The puboprostatic liga- 
ments represent an anterior extension of the endopelvic 
fascia onto the periosteum of the symphysis pubis. The 
prostate capsule and its associated ligamentous structures 
are well seen on endorectal surface coil MR images. 

The neurovascular bundle represents branches of the 
inferior vesical artery, prostatic veins, and cavernosal 
nerves, which are located in the retroprostatic fat at the 
5 and 7 o’clock positions. The nerve plexus that runs in 
the neurovascular bundles are considered important for 
normal erectile function. On Tl-weighted images, the 
neurovascular bundles are seen as low in signal intensity, 
contrasted with the high signal intensity of fat. On T2- 
weighted images, these structures demonstrate high sig- 
nal intensity. The flow within the vascular structures of 
the neurovascular bundle is slow, so normal flow-related 
effects on MRI are not observed in these structures. It is 
common to see fluid levels in the veins of the neurovas- 
cular bundle due to the extremely slow flow in these ves- 
sels and resultant settling of the cellular fraction of the 
blood. Low signal spherical regions within the neurovas- 
cular bundles representing phleboliths are also often 
identified. 
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FIGURE 13.5. (A) Axial T2-weighted image through the semi- 
nal vesicle demonstrates the high signal intensity fluid-filled 
tubules of the seminal vesicles (large arrows) and thicker mus- 
cular wall of the ampulla of the vas deferens (small arrow). 


The seminal vesicles are located superior to the 
prostate (Fig. 13.5). Anatomically, these paired struc- 
tures are coiled tubules. On Tl-weighted images the 
seminal vesicles are usually of uniform low signal inten- 
sity, with the lumens occasionally identified as slightly 
lower in signal intensity than the surrounding tubular 
walls. On T2-weighted images, the lumens of the seminal 
vesicles have high signal intensity, contrasted with the 
low signal intensity of the tubular walls.1! 

The ampullae of the vas deferens are seen in the mid- 
line at the base of the prostate (Fig. 13.5). The vas defer- 
ens may contain thicker, more muscular walls than do the 
seminal vesicles. Thus these walls can appear thicker than 
the normal seminal vesicle on a T2-weighted image. The 
vas deferens and the seminal vesicles combine as they en- 


FIGURE 13.6. Axial T2-weighted MR image demonstrates a low 
signal intensity lesion on the left peripheral zone (arrow), 
which was subsequently demonstrated to be prostate cancer. 


227 


(B) Coronal reformat from a three-dimensional fast spin echo 
MR image of the prostate demonstrates the confluence of the 
vas deferens (large arrow) and seminal vesicles (small arrow) 
to form the ejaculatory duct. 


ter the prostate to form the ejaculatory duct. This conflu- 
ence can be identified on sagittal images in most cases. 
Prostate carcinoma has typically low signal intensity rela- 
tive to the normal high signal intensity of the peripheral 
zone on T2-weighted images (Fig. 13.6). In approximately 
2% of cases prostate carcinoma is mucin-producing.!2 
Mucin-producing prostate carcinomas have been shown to 
have high signal intensity on T2-weighted images. Approxi- 
mately 70% of all prostate cancers occur in the peripheral 
zone. Central gland cancers are difficult to identify with 
MRI. Large central gland cancers can often be distin- 
guished as an architectural distortion of the normal central 
gland. A uniform intermediate signal central gland disrupt- 
ing the normal hyperplastic nodular architecture of the 
central gland is typical of a central gland cancer (Fig. 13.7). 


FIGURE 13.7. Axial T2-weighted MR image demonstrates a 
large intermediate signal intensity central gland typical of ex- 
tensive central gland tumor (arrows). 
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TABLE 13.1. Jewett-Whitmore staging of prostate cancer 


Stage Extent 
A Nonpalpable cancer 
Al < 5% TURP chips positive for cancer 
A2 > 5% TURP chips positive for cancer 
B Organ confined; palpable cancer 
C Extension beyond prostate capsule 
D Nodal or other metastasis 


Although low signal intensity peripheral zone abnor- 
malities are typical of prostate cancer, this finding is 
not specific. Many other lesions portray similar signal 
intensities, including chronic inflammatory disease 
(particularly granulomatous prostatitis), stromal BPH, 
prostatic intraepithelial neoplasia, atypical adenoma- 
tous hyperplasia, and infarcts. This limits the utility of 
MRI as a technique to diagnose prostate cancer. The 
most prominent role of MRI is for staging prostate car- 
cinoma. 

In the United States the most commonly used stag- 
ing criteria for prostate cancer are those proposed by 
Jewett and Whitmore.!3 This staging classification sys- 
tem is illustrated in Table 13.1. Stage A lesions repre- 
sent nonpalpable prostate cancer localized to the 
prostate gland. Before PSA testing was available, stage 
A lesions were most often discovered by transurethral 
resection of the prostate (TURP). These lesions were 
classified as Al or A2 depending on the number of 
TURP fragments positive for cancer. If more than 5% 
of the fragments were positive for cancer, the patient 
was Classified as having stage A2 prostate cancer. When 
final staging was complete, approximately 35% of A2 
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FIGURE 13.8. Axial T2-weighted MR image of the prostate 
demonstrates a bilobed prostate cancer (large arrow) with 
frank disruption of the prostate capsule (small arrow). 


lesions would be up-staged to D disease. Thus a clinical 
stage A2 on the basis of a TURP does not necessarily 
represent early stage disease. Stage B disease is defined 
as a palpable nodule localized to the prostate gland. 
Invasion through the prostatic capsule or into the sem- 
inal vesicle up-stages the patient to stage C. The dis- 
tinction between stages B and C is important, as it may 
guide the choice as to whether the patient is a candi- 
date for prostatectomy or is better treated with exter- 
nal beam irradiation or other nonsurgical therapy. In- 
volvement of pelvic lymph nodes or osseous structures 
indicates stage D disease. Thus staging prostate cancer 


FIGURE 13.9. (A and B) Axial T2-weighted MR images of the prostate with low signal intensity peripheral zone cancers, demon- 
strating the point sign (arrow) indicative of transcapsular penetration. 
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FIGURE 13.10. Axial T2-weighted MR image of the prostate 
demonstrated a left-side peripheral zone cancer bulging the 
prostate capsule (arrows). 


involves defining the local extent of the tumor as well 
as detecting lymph node and bone marrow metastases. 
MRI can play a role in all three of these areas, al- 
though we concentrate on the local staging of prostate 
cancer. 

When evaluating the local extent of prostate cancer, 
transcapsular extension and seminal vesicle invasion 
must each be evaluated. Transcapsular penetration is 
defined as any prostate cancer that has invaded com- 
pletely through the prostate capsule. Invasion into the 
prostate capsule is present in almost every case of 
prostate cancer and is not representative of stage C dis- 
ease. In addition, any histologic section that does not 
contain prostate capsule but does contain cancer at 
the margin of the prostate would be defined as stage C 
disease. It is somewhat problematic from an imaging 
sense because the true relation of cancer to the 
prostate capsule is never really established in these 
cases. 

There are two findings considered diagnostic of 
transcapsular penetration of prostate cancer. First is 
frank disruption of the prostate by tumor (Fig. 13.8), 
which most often occurs in the posterolateral aspect of 
the gland adjacent to the neurovascular bundle. This 
finding is manifested by prostate cancer clearly breach- 
ing the capsule and gross prostate cancer seen outside 
the prostate capsule. Occasionally, a ghost of the 
prostate capsule can be seen traversing the tumor it- 
self. An additional sign considered diagnostic of trans- 
capsular penetration is a pointed contour in the pos- 
terolateral aspect of the prostate (Fig. 13.9). This 
“point” usually represents tumor that has involved one 
of the neural structures within the prostate and has fol- 
lowed it through the prostate capsule into the neu- 
rovascular bundle. It is a particularly powerful diagnos- 
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FIGURE 13.11. Low signal intensity prostate cancer invading 
the medial aspect of the seminal vesicles bilaterally (arrows). 


tic sign near the apex and base of the prostate when 
the capsule is not well seen because of partial volume 
averaging. 

A bulging prostate contour in the presence of cancer 
may be considered suggestive (but not diagnostic) of 
transcapsular penetration (Fig. 13.10). A bulging con- 
tour is defined as an asymmetric prostate gland, with 
the side containing the tumor being larger than the 
contralateral side. Bulges of the prostate contour pro- 
duced in this way contain a variable incidence of mi- 
croscopic seed disease. In our experience the inci- 
dence of microscopic seed disease in this patient 
population is 20—40%.14 The large range is likely the 
result of different pathologic protocols used at differ- 
ent institutions. Thus the amount of microscopic stage 
C disease identified by the pathologist varies from in- 
stitution to institution, making it difficult to ascertain 
the true incidence of microscopic seed disease in these 
patients. 

Spread to the seminal vesicles can occur via a number 
of routes.!5 The most common route of spread to the 
seminal vesicles involves invasion of the invaginated ex- 
traprostatic space around the ejaculatory ducts. Tumor 
then spreads cephalad to involve the medial aspect of 
both seminal vesicles. This spread is thought to be the 
mechanism of approximately 70% of cases of seminal 
vesicle invasion. It manifests on MRI as a low signal in- 
tensity replacing the medial aspects of the seminal vesi- 
cles bilaterally (Fig. 13.11). The earliest finding of semi- 
nal vesicle invasion is thickening of the tubules of the 
seminal vesicles. A more specific finding is an area of 
low signal intensity completely replacing the tubules of 
the seminal vesicles. In approximately 20% of the cases 
seminal vesicle invasion occurs via direct extension from 
the prostate through the capsule to involve the seminal 
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FIGURE 13.12. (A) Large prostate cancer at the base of the right side of the prostate (arrows). (B) Direct invasion of the right 


seminal vesicle (arrow). 


vesicle (Fig. 13.12). In this case, involvement of the semi- 
nal vesicle is usually unilateral and can occur anywhere 
along the seminal vesicle, from near its attachment to 
the prostate to its tip. In somewhat fewer than 10% of 
the cases, seminal vesicle invasion is thought to be the re- 
sult of metastatic spread. In these cases the involvement 
is usually diffuse and generally presents as diffuse thick- 
ening of the tubules on T2-weighted images. It often is 
difficult to diagnose and distinguish from inflammatory 
conditions of the seminal vesicles. 


Practical Considerations for Prostate MRI 


To use MRI as an effective clinical tool for the preoperative 
evaluation of patients with prostate cancer, a number of is- 
sues related to patient selection and interpretation and re- 
porting strategies must be considered. To some extent 
these issues have contributed to the variable accuracies re- 
ported with the use of MRI for evaluating patients with 
prostate cancer. Although early studies using body coil MRI 
to stage prostate cancer reported favorable results,5 a large 
multicenter trial comparing body coil MRI with transrectal 
ultrasonography and digital rectal examinations for staging 
prostate cancer in 234 surgically confirmed cases found the 
accuracy of body coil MRI to be 69% and the accuracy of 
transrectal ultrasonography to be 58%.16 The earliest re- 
ports using endorectal surface coil MRI to stage patients 
with prostate cancer reported the accuracy to be 91%.17 
Subsequent reports of the accuracy of endorectal surface 
coil MRI to differentiate stage B from stage C prostate can- 
cer have been variable.!4 A follow-up to the multicenter 
trial cited above demonstrated disappointing results. How- 
ever, this study was criticized for poor image quality, older 
scan techniques, and poor interreader correlation.!8 A 
study published by Hricak et al. comparing endorectal sur- 
face coil MRI to pelvic multicoil MRI reported the sensitiv- 
ity and specificity for endorectal coil MRI to be 84% and 
80%, respectively. The reported sensitivity and specificity 


for pelvic multicoil prostate MRI for the detection of stage 
C disease were 74% and 67%, respectively.!9 D’Amico et al. 
reported data comparing endorectal surface coil prostate 
MRI to other indicators of advanced prostate cancer, such 
as Gleason grade and PSA. They reported that endorectal 
MRI was a better predictor of seminal vesicle invasion and 
extracapsular extension than the PSA titer or Gleason 
grade. All three of these parameters were significantly bet- 
ter than the clinical stage obtained by digital rectal exami- 
nation.20 The same data indicated that the addition of MRI 
to the PSA and Gleason score allowed correct identifica- 
tion of an additional 71% of patients with seminal vesicle 
invasion and 27% of patients with extracapsular extension. 
Thus although somewhat variable, most of the evidence 
suggests that endorectal surface coil MRI has value in the 
preoperative evaluation of patients with prostate cancer. 
Langlotz et al. have developed a cost-effectiveness model 
for the use of MRI to stage prostate cancer.2! Their results in- 
dicated that the use of this technique improves patient out- 
come and reduces the cost of managing patients with pros- 
tate cancer. These results are maintained over a wide range 
of sensitivities and specificities; high specificity was seen to 
be important for maintaining optimal patient outcome. For 
this reason, we report the results of prostate MRI in a way 
that makes it clear to the referring clinicians our level of sus- 
picion for exracapsular disease or seminal vesicle invasion. 
For patients who have frank extracapsular extension, a 
point sign, or frank seminal vesicle invasion, we report defi- 
nite stage C lesions. Our results indicate that this diagnosis 
carries a 97% specificity for stage C. For lesions where there 
is bulging of the capsule, minimal thickening of the semi- 
nal vesicle, or both, we report the cases as “cannot exclude 
microscopic spread.” Thus if referring clinicians want to op- 
timize patient outcome they can use only the most defini- 
tive criteria of C disease to exclude patients from surgical 
therapy. Patients with the reading “cannot exclude micro- 
scopic spread” are usually advised of the findings but not 
excluded from surgery based on the MR findings. 


13. Magnetic Resonance Imaging and Computed Tomography of Prostate Carcinoma 


FIGURE 13.13. Five consecutive CT scans of the pelvis in the 
prostatic region in a 58-year-old man. (A) Section at the level of 
the urogenital diaphragm (arrows) does not demonstrate the 
prostate. (B) Apex of the prostate blends with the urogenital 
diaphragm in an immediately higher CT section (arrow). 
(C) Level of the obturator foramen. Note the slightly hypo- 
dense peripheral zone (arrow) in this 58-year-old man with a 
bladder carcinoma (not shown) and with a slightly enlarged 
prostate secondary to BPH. Note the inferior rectal vessels 
crossing transversely within the fat of the ischiorectal fossa 
(curved arrow). (D) CT section through the midportion of the 
symphysis pubis depicting the prostate (p) and neurovascular 
bundle (arrow). The lateral margins of the prostate are diffi- 
cult to discern from the internal obturator muscles (curved ar- 
row). (E) CT scan at the level of the upper border of the sym- 
physis pubis. Partial volume averaging, with the overlying 
bladder containing urographic-type contrast. Note the calci- 
fied phleboliths in the periprostatic venous plexus (arrow). 


Because the results of MR studies are difficult to com- 
pare among institutions and MR units, and because there 
is a rather steep learning curve for interpreting endorectal 
MR imaging, it has been advised that those who perform 
MR imaging in cases of prostate cancer should determine 
their own standard of accuracy by carefully comparing 
their imaging results with histopathologic findings.22.28 


Computed Tomography 


of Prostate Carcinoma 


The prostate gland is clearly visualized with routine com- 
puted tomography (CT) of the pelvis in every male pa- 
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tient. Precise depiction of the margins of the prostate 
with CT is hampered by poor soft tissue contrast resolu- 
tion inherent to CT (in comparison to MRI) and its limi- 
tation to axial planes, making it difficult to differentiate 
the apex of the gland from the structures of the urogeni- 
tal diaphragm (UGD), levator ani, and even the anus,?4 
especially in patients with poor fat planes and if the blad- 
der is not distended with urine or contrast (Fig. 
13.13A,B). On CT scans obtained through the upper 
border of the symphysis, the base of the prostate at the 
retropubic space is difficult to distinguish from the over- 
lying bladder due to partial volume averaging in the ax- 
ial plane (Fig. 13.13E). In patients with little fatty tissue, 
the soft tissue structures 1-2 cm cranial to the UGD ap- 
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TABLE 13.2. Average prostate size by age group: CT measurements 


Longitudinal 

Age (years) diameter (cm) 
6-30 3.0 
40-50 4.2 
50-60 4.5 
60-70 5.0 


Anteroposterior 
diameter (cm) 


Transverse 


diameter (cm) Volume (cc) 


2.3 3.1 10.6 
3.6 4.5 34.0 
3.7 4.8 40.0 
4.3 4.8 51.0 


Modified from Van Engelshoven and Kreel, 24 with permission. 


pear as a single homogeneous density on CT scans. 
Therefore toward the apex of the prostate its anteropos- 
terior (AP) and lateral diameters may be overestimated 
owing to inclusion of the surrounding structures.25 The 
AP diameter is probably slightly overestimated because 
the dorsal border of the prostate is often not clearly de- 
marcated if there is insufficient fatty tissue between De- 
nonvilliers fascia and the levator ani. In more cranial sec- 
tions this problem is overcome by the presence of gas or 
contrast in the rectum (Fig. 13.13E). Bearing in mind 
these limitations, Van Engelshoven and Kreel24 obtained 
an average prostate size (using CT) in men 30 years of 
age and younger as follows: longitudinal craniocaudad 
diameter 3 cm, AP diameter 2.3 cm, and transverse (lat- 
eral) diameter 3.1 cm. These numbers increased signifi- 
cantly in the 60- to 70-year-old group: longitudinal diam- 
eter 5 cm, AP diameter 4.3 cm, and transverse diameter 
4.8 cm24 (Table 13.2). These authors offer the following 
rule of thumb: If a prostate is seen in sections obtained 
2-3 cm above the symphysis and it shows as a density 
within the bladder, the prostate is likely enlarged. It is 
clear, however, that CT overestimates the overall size and 
volume of the gland, and ultrasonography is a more ac- 
curate tool for this purpose.25.26 

Contrary to early reports indicating homogeneous at- 
tenuation throughout the gland (an exception is in- 
traprostatic calcifications) with a lack of definition of 
the zonal anatomy, in some patients the peripheral zone 
can be seen on CT scans as an area of decreased attenua- 
tion relative to the central gland (Fig. 13.13c). Mirowitz 
and Hammerman?’ reported this finding to be present 
in 17 of 71 (24%) patients and attributed it to a relative 
increase in water content in the peripheral zone. The pa- 
tients in whom this zonal anatomy was evident at CT (be- 
ing present in 46% of patients older than 50 years) were 
significantly older and had prostate glands significantly 
larger than those in whom the prostate appeared as a ho- 
mogeneous structure. All patients in whom the zonal 
anatomy was visualized had received intravenous con- 
trast for the CT examination. It has been speculated that 
the development of BPH nodules within the central 
gland contribute to relatively increased attentuation or 
increased contrast enhancement within this region of 
the prostate.2” Although some areas of heterogeneous at- 
tenuation within the central gland of the prostate can be 


seen in some patients with BPH, it is well accepted that 
CT cannot distinguish between BPH and carcinoma.28,29 
Normal glands and BPH cannot be differentiated by CT 
from glands harboring carcinoma unless irregular 
prostate enlargement or spread of tumor beyond the 
capsule is present.28 Irregularities of the contour of the 
gland are suggestive but not confirmatory of carci- 
noma.30 Regardless of size and intravenous contrast en- 
hancement, prostate carcinoma has tissue attenuation 
similar to that of normal glandular substance, and a car- 
cinoma can be present in a normal-size or minimally en- 
larged prostate at CT (Fig. 13.14). A rare exception is 
the mucinous adenocarcinoma of the prostate, which 
can be seen as a localized area of decreased CT density 
within the gland because of the characteristic mucin 
secretion. In the case reported by Dunnick et al.31 a 
gelatinous tumor mass of well differentiated mucinous 
adenocarcinoma measured 12 Hounsfield units (HU) 
compared with 46 HU for the normal portion of the 
gland. Another prostate malignancy that in our experi- 
ence has demonstrated areas of diminished attentuation 
within the tumor is prostatic sarcoma. These areas most 
likely represent focal necrosis. Massive tumor size, young 
age group, and marked invasiveness are characteristics 
of prostatic sarcoma that help to differentiate these tu- 
mors from the more common adenocarcinoma. 

The CT signs of periprostatic extension include obscu- 
ration and asymmetry of normal fat planes with invasion 
of the pelvic side wall, adjacent viscera (i.e., bladder, ure- 
thra, rectum, and especially the seminal vesicles), or 
both. Gross invasion of the seminal vesicles is of particu- 
lar impact as it may influence therapeutic management. 
After initial reports suggesting high accuracy of CT for 
staging local pelvic extension and lymph node metas- 
tases from prostate cancer,3?,33 further experience has 
been disappointing with poor yield by CT as a preopera- 
tive staging imaging modality.34-37 For example, in a 
prospective study of 91 patients by Ebert et al.36 the sen- 
sitivity of CT to detect capsular penetration was only 
12%. Consequently, a negative CT cannot be used to ex- 
clude extracapsular tumor growth. Engeler et al.37 retro- 
spectively studied 160 patients who underwent surgical 
staging after preoperative CT scans performed with 
fourth-generation scanners. They found an accuracy for 
CT of 24% for capsular extension, 69% for seminal vesi- 


13. Magnetic Resonance Imaging and Computed Tomography of Prostate Carcinoma 


A 


FIGURE 13.14. (A) Abdominal CT scan demonstrating large bi- 
lateral retrocrural adenopathy (arrow) in a patient with poorly 
differentiated adenocarcinoma of the prostate. Extensive 
retroperitoneal periaortic and pericaval adenopathy was also 
present lower in the abdomen (not shown). (B) CT of the 
pelvis in the same patient demonstrates bilateral external iliac 
and obturator adenopathy that is more marked on the left side 
(arrows). (C) CT at the level of the prostate fails to disclose any 
gross abnormality with a fairly isodense, homogeneous appear- 
ance of the gland that proved to be diffusely involved with tu- 
mor at biopsy. 


cle extension, and 72% for lymphadenopathy. MRI has 
been found to be significantly better than CT for detect- 
ing seminal vesicle, bladder base, and levator ani inva- 
sion.38 


Lymph Node Metastases 
from Prostatic Carcinoma 


The evaluation of pelvic and retroperitoneal lymph 
node metastases from prostatic carcinoma is feasible 
with CT.39 From the prostatic lymphatic network, col- 
lecting trunks drain to the external iliac, hypogastric, 
and presacral lymph nodes.40 Because tumor tends to 
spread along this drainage pattern, metastases from 
prostatic cancer rarely, if ever, occur in the paraaortic 
lymph nodes unless the primary pelvic nodes have first 
become involved.4!1 The incidence of histologically 
proved lymph node metastases depends on several fac- 
tors: (1) clinical stage of the disease; (2) histologic dif- 
ferentiation of the primary tumor; (3) extent of involve- 
ment of the prostate by carcinoma; and (4) size of the 
malignant prostate. When there are no distant metas- 
tases, the incidence of lymph node metastasis increases 
with advancing clinical stage: 23% for stage B disease 
and 56% for stage C.4! 
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False-positive CT diagnosis due to misinterpretation of 
atypical common iliac and external iliac vessels for ab- 
normal pelvic lymph nodes can be obviated using rapid 
sequence scanning of the questionable areas during in- 
travenous injection of contrast. In addition, complete 
filling of the alimentary tract with oral or rectal contrast 
(or both) is essential to avoid confusing a nonopacified 
bowel with a pelvic mass. External iliac node metastases 
are best detected on CT scans obtained through the infe- 
rior sacroiliac joint where the external iliac vessels are 
separated anteriorly from the internal iliac vessels, which 
are in a more posterior location. 

Lymph nodes surrounding the obturator nerve may 
represent the first point of lymphatic metastases with 
carcinoma of the prostate.42 Metastases to the obturator 
nodes are best seen on CT sections obtained 1-3 cm 
above the acetabula, showing the characteristic 
teardrop shape of the supraacetabular iliac bone?9 (Fig. 
13.14). Our data indicate that the “surgical” obturator 
node is part of the medial chain of the external iliac 
node group and is located below and medial to the ex- 
ternal iliac vein and above the obturator nerve, and that 
it does opacity on lymphangiography.39.43 CT has also 
been able to detect adenopathy in hypogastric nodes 
(which rarely show opacity at lymphangiography)in pa- 


234 


tients without significant involvement of the common 
or external iliac nodes. A negative CT scan cannot ex- 
clude the presence of small tumor deposits in normal 
size nodes. Lymphangiography (LAG) may then be un- 
dertaken in an effort to detect discrete tumor filling 
defects in these patients prior to surgery (lymphadenec- 
tomy). However, microscopic foci of tumor are unde- 
tectable with CT or LAG.36-38 

The accuracy of bipedal LAG for detecting pelvic node 
metastases from prostatic carcinoma varies widely accord- 
ing to the researchers, but it is generally accepted that it 
fails to agree with the microscopic findings in at least 30% 
of patients. The sensitivity of LAG in detecting metastases 
(i.e., the fraction of patients whose nodal metastases are 
detected) ranges from 35% to 75%, and the specificity 
(the fraction of patients correctly identified as having no 
nodal metastases) ranges from 21% to 95%.40-42 In the 
Uro-Oncology Research Group series of 114 patients with 
negative lymphangiograms, biopsy at staging surgery 
proved that 21 patients had nodal metastases.*4 The per- 
formance of percutaneous fine-needle biopsy of sus- 
pected abnormal nodes‘5-47 and even of radiographically 
normal nodes48 opacified by LAG has been advocated to 
overcome the diagnostic limitations of LAG. LAG remains 
an expensive, time-consuming, invasive procedure; and its 
general acceptability and widespread use are thus limited. 
LAG may not be feasible in patients with impaired pul- 
monary function or with history of sensitivity to the LAG 
contrast. Some have argued that the obturator and hy- 
pogastric lymph nodes (those most frequently involved 
with prostatic metastases) fail to be visualized on LAG. Al- 
though it is true that the internal iliac (hypogastric) 
nodes can be seen in only about one-half of the cases stud- 
ied by LAG, the lymph nodes surrounding the obturator 
nerve are consistently opacified.43 


FIGURE 13.15. (A) Preoperative CT scan demonstrates an en- 
larged right obturator node in a patient being considered for 
radical prostatectomy for prostate cancer. (B) CT-guided per- 


Mitchell D. Schnall and Marco A. Amendola 


The presence of lymphatic metastases from prostatic 
carcinoma adversely affects prognosis and often changes 
therapy. For this reason, once the diagnosis of prostatic 
cancer has been confirmed histologically, and after phys- 
ical, laboratory, radiographic, and radionuclide exami- 
nations have failed to demonstrate distant metastases, 
additional studies to assess regional lymph node status 
are usually recommended. The most accurate method 
currently available for determining extension of pros- 
tatic carcinoma to the regional lymph nodes is histologic 
examination of the nodes after lymphadenectomy. 
Therefore a staging bilateral pelvic lymphadenectomy is 
often done even though it is associated with a 7-10% 
morbidity rate. The lack of a readily available, noninva- 
sive, reliable method for detecting lymph node metas- 
tases has forced clinicians to recommend treatment with- 
out proper knowledge of the regional lymph node status 
or to perform a staging pelvic lymphadenectomy (of 
questionable therapeutic value) with its attendant risks. 
During this operation the obturator and iliac nodes on 
both sides are removed and submitted for frozen section 
prior to proceeding with a radical prostatectomy. The 
morbidity associated with this procedure can be de- 
creased substantially with the use of laparoscopic tech- 
niques. 

The CT criteria for abnormal pelvic lymph nodes (Fig. 
13.14) include (1) asymmetry around the external iliac, 
internal iliac, and femoral vessels; (2) discrete round 
masses along the pelvic side walls; and (3) separation of 
these masses from the primary tumor by pelvic fat.39 

Standard teaching has been that pelvic lymph nodes 
measuring 1.5 cm or more on a CT scan are abnormal 
and indicators of metastatic disease in patients with 
prostatic carcinoma.49-51 The use of a maximum short- 
axis diameter has been advocated with upper limits of 
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cutaneous biopsy in the same patient confirmed that the 
adenopathy was metastatic in nature. Plans for radical prosta- 
tectomy were canceled. 
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FIGURE 13.16. (A) CT scan of the prostate obtained for dosime- 
try calculations after brachytherapy with permanent radioac- 
tive seed implantation. Note the multiple small metallic densi- 
ties representing 125] prostate implants. (B) Anteroposterior 


normal as follows: 7 mm for internal iliac, 8 mm for ob- 
turator, 9 mm for common iliac, and 10 mm for exter- 
nal iliac nodes.49 It must be kept in mind that CT can- 
not differentiate benign from malignant lymph node 
enlargement; and chronic lymphadenitis, fibrosis, or 
fatty replacement can cause false-positive results espe- 
cially in minimally enlarged nodes. For this reason, per- 
cutaneous needle biopsy, which may be performed un- 
der CT guidance, is recommended to further evaluate 
abnormal or questionably abnormal nodes (Fig. 13.15) 
in order not to deny potentially curative therapy to the 
patient. A more radical approach has been advocated 
by Oyen et al., who recommended percutaneous CT- 
guided fine-needle biopsy (FNAB) of all nodes larger 
than 6 mm in diameter.59 Using this technique of CT- 
guided FNAB, the sensitivity, specificity, and accuracy 
were 77.8%, 100%, and 96.5%, respectively. CT staging 
was falsely negative in 10 (of 285) patients who had mi- 
croscopic metastatic deposits in a solitary lymph 
node.50 The practicality of this approach is open to 
question. It has been suggested that limiting these pro- 
cedures to high risk patients (i.e., those with high grade 
cancer and a PSA > 10 mg/ml) would make it more 
cost-effective.51 

Currently, CT is widely accepted as the primary preop- 
erative imaging examination for evaluating lymph node 
status in patients with prostate carcinoma, being more 
widely available and less costly than MRI and less invasive 
than lymphangiography. Its use is controversial because 
the yield is low and its cost relatively high. In patients 
with a PSA greater than 10 ng/ml, however, CT is proba- 
bly cost-justified if the patient would otherwise undergo 
a radical prostatectomy.5? 
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view from an intravenous urogram in the same patient for cor- 
relation. Note numerous small 125] seeds and a few metallic sur- 
gical clips. 


CT for Radiotherapy Planning 
and Posttreatment Evaluation 


Computed tomography has been helpful for determin- 
ing prostatic volume and 125I seed distribution and 
dosimetry and for following tumor response53.54 (Fig. 
13.16). As previously discussed, CT and MRI also have a 
significant role in the selection of candidates for ra- 
dioactive implantation by evaluating periprostatic tumor 
spread. 

It has been used to great advantage for delineating ra- 
diation portals for external beam radiation therapy by 
transferring the CT images to the treatment planning 
device. Therapy planning programs incorporated into 
the CT software providing for the use of computerized 
dosimetry are commercially available. In the extensive 
experience of Pilepich et al.,55 treatment plan changes 
using CT scans were most dramatic in stage C patients 
with seminal vesicle involvement. Fifty-three percent 
(17/32) of these patients required an enlargement of 
conventional treatment fields to adequately encompass 
the target volume. CT has also been helpful for evaluat- 
ing complications from laparoscopic pelvic lymph node 
dissection and transperineal radioactive seed implanta- 
tion in patients with prostatic carcinoma.56,57 
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Undescended Testis 


Ali Shirkhoda, Thomas G. Vrachliotis, and Kostaki G. Bis 


The testis originally develops in the abdomen, and its de- 
scent may be inhibited anywhere along its normal path- 
way. The diagnosis of cryptorchidism or hidden testis is 
applied when the testis is not palpable in its normal loca- 
tion within the scrotum. Equally, the term undescended 
testis is defined as any disorder of normal testicular de- 
scent, including retractile testis, ectopic testis, true re- 
tention, and intraabdominal testis. 

For the testis to have normal spermatogenesis, it must 
descend from the warmer intraabdominal environment 
into the cooler scrotum. Lack of descent is a simple de- 
velopmental anomaly that is one of the most common 
disorders of childhood; it can be associated with a num- 
ber of chromosomal and hereditary disorders in which a 
specific defect can be identified. Relatively little is 
known about the cause of the human testis to migrate 
from the abdomen into the scrotum. Cryptorchidism in- 
volves all races, and there does not appear to be any geo- 
graphic propensity. 


Embryology 


The gender of an embryo is normally determined at 
conception by the type of chromosomes (XX versus XY), 
but there is no morphologic sex differentiation until the 
7th week of gestation. During this period the future 
testis or Ovary is in an indifferent stage and is termed the 
gonad. The gonads are formed by three primordia: pri- 
mary germ cells, mesenchyme, and the coelomic epithe- 
lium. They appear initially as a pair of longitudinal 
ridges called the genital or gonadal ridges, which are 
formed by proliferation of the coelomic epithelium and 
condensation of the underlying mesenchyme.! At the 
24th day of gestation, 30-50 germ cells can be recog- 
nized near the allantoic stalk, among the endodermal 
cells of the caudal portion of the yolk sac. During the 5th 
week (Fig. 14.1A), by ameboid movement, the germ cells 
migrate dorsally in the wall of the yolk sac and gut. At 


238 


the same time they increase in number by mitotic divi- 
sion; and by the middle of the 5th week they have 
reached the angle of the mesentery and the 
mesonephrons. By the end of the 5th week the germ 
cells number approximately 10,000 at the site of the 
primitive gonad.2 The genital ridges are invaded by the 
germ cells during the 6th week of gestation. If the germ 
cells do not reach the ridges, the gonads do not develop. 
Just before and during the arrival of the primordial 
germ cells at the gonads, the coelomic epithelium of the 
genital ridge proliferates, and its cells penetrate the un- 
derlying mesenchyme. Thus irregularly shaped cords are 
formed, called primitive sex cords. They are connected 
to the surface epithelium in both male and female em- 
bryos, and sex differentiation is still not possible. At this 
stage of development in the male embryo, a ridge of 
mesenchymal tissue has also appeared that extends from 
the genital ridge through a gap in the anterior abdomi- 
nal wall muscles to the genital swellings, which are the 
site of the future scrotum. This ridge of mesenchymal tis- 
sue is called the gubernaculum, and the gap in the ante- 
rior abdominal wall represents the future inguinal 
canal.2 At the end of 7th week of gestation in a geneti- 
cally male embryo, the indifferent gonad differentiates 
into the fetal testis (Fig. 14.1B), which is possibly accom- 
plished by a protein secreted by XY primordial germ 
cells regulated by a gene on the short arm of the Y chro- 
mosome. During the 8th week of gestation the fetal testis 
begins to secrete testosterone and millerian-inhibiting 
factor.3.4 Testosterone, synthesized by the fetal Leydig 
cells> is under the regulation of maternal human chori- 
onic gonadotropin (hCG). Testosterone induces the ip- 
silateral wolffian duct to form the epididymis and vas 
deferens. Mullerian-inhibiting factor, which is secreted 
by the fetal Sertoli cells, causes regression of the müller- 
ian ducts, leaving only the appendix testis. At this time, 
the processus vaginalis, a peritoneal diverticulum, can 
be seen ventral to the gubernaculum as can the future 
muscle fibers of the cremaster.2 
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FIGURE 14.1. Testicular descent. Relation of the germ cells (or 
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Internal È] 
inguinal = Gubernaculum future testis) to the kidney in a genetically male embryo dur- 
ring ing intrauterine life. (A) The testis (T) is higher than the kid- 
Lg ney (K) during the 5th week of gestation. These two organs 


C follow an opposite direction in their course toward their final 

position. (B) During the 8th to 9th week of gestation the testis 
lies lower than the kidney. (C) At the 7th month of intrauter- 
ine life the testis is above the level of the internal inguinal ring. 
(D) After birth the testis has normally assumed its scrotal posi- 
tion, the processus vaginalis has closed, and the gubernaculum 


has atrophied. 


Between the 8th and 16th weeks of gestation, the ex- Testicular descent remains relatively withheld between 
ternal genitalia develop. After development of the testis, the 12th week and 7th month of gestation. Testicular de- 
ductal system, and external genitalia, the testis lies on scent along the inguinal canal takes place during the fi- 
top of the gubernaculum, awaiting descent.6 The guber- nal 2 months of gestation. 
naculum extends from the cauda epididymis distally As the testis enters the internal inguinal ring, the gu- 
through the inguinal canal toward the genital swellings. bernaculum emerges from the lower ring to reach the 
The latter are transformed into the scrotum under an- bottom of the scrotal sac. As soon as this step is accom- 
drogenic stimulation. At this point, the testis isin an in- plished, the gubernaculum shortens its length to about 
traabdominal position just behind the internal inguinal one-third. Passage of the testis through the inguinal 
ring (Fig. 14.1C). It is never more than 1.3 mm from the canal is accomplished within a few days, and another 4 

internal inguinal ring at any time during its develop- weeks are required for the final descent from the exter- 
nal inguinal ring to the bottom of the scrotum.8 Just af- 


ment.7 


240 


ter the testis has emerged through the external ring, the 
latter contracts. After descent, the scrotal part of the 
processus vaginalis persists as the tunica vaginalis, and 
the upper part becomes obliterated (Fig. 14.1D). The 
gubernaculum subsequently atrophies.1.9 


Etiology 


Various mechanisms have been proposed to account for 
testicular migration into the scrotum. They include phys- 
ical factors, most of which have not been widely ac- 
cepted. The most prevalent theory states that an increase 
in intraabdominal pressure is the primary force that 
causes the testis to enter the inguinal ring.!0 The hor- 
monal role in testicular descent is probably regulatory 
and has been shown to be induced by gonadotropins 
and testosterone. !1,12 : 

The mechanisms of descent are not thoroughly under- 
stood, nor are the causes of failure of descent. Insuffi- 
cient androgen production, anatomic interference, and 
inflammatory adhesions have been hypothesized to ex- 
plain the phenomenon. Anatomic interference with tes- 
ticular descent has been attributed to (1) failure of the 
gubernaculum testis to shorten during development; 
(2) weakness of the cremasteric muscle; (3) insufficient 
length of the spermatic artery; (4) insufficient length of 
the spermatic cord; and (5) malformation of the inter- 
nal inguinal ring or canal.!2a With the exception of the 
internal inguinal ring or inguinal canal malformations, 
the causes have not been substantiated. Nevertheless, 
even malformations of the inguinal ring or canal, result- 
ing in disproportion between testis and inguinal canal, 
have been demonstrated only in extreme cases. Further- 
more, in patients where testicular descent has been ar- 
rested within the inguinal canal, adhesions between the 
testes and the surrounding tissues are frequently re- 
vealed during surgery. It is not known whether those ad- 
hesions prevented testicular descent or were formed 
later, and a history of inflammation is not always present. 

Androgens effectively produce testicular descent both 
prematurely and after failure of normal descent.!3 The 
high frequency of undescended testes in various types of 
pseudohermaphroditism indicates that hormonal imbal- 
ance can inhibit normal descent.8 In 1931 Engle experi- 
mentally induced descent of the testis in monkeys by 
hormones from the anterior pituitary and therefore 
hypothesized that an intact hypothalamic-pituitary- 
testicular axis is necessary for testicular descent.!! 

The high frequency of retained testis in various types of 
pseudohermaphroditism indicates that hormonal imbal- 
ance can inhibit normal descent. Although it is less clear 
to what extent hormonal insufficiency accounts for crypt- 
orchidism, the administration of hormones can produce 
testicular descent, both prematurely and after failure of 
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normal descent.8 Evidence that androgens play at least a 
partial role in testicular descent comes from several ar- 
eas. First, the incidence of cryptorchidism is increased in 
children with abnormal gonadotropic or abnormal an- 
drogen secretion or function.14.15 Second, dihydrotestos- 
terone and hCG can overcome the inhibition of testicular 
descent induced by estradiol in the rat or rabbit.16.17 Fi- 
nally, prenatal time-specific flutamide results in a 50% in- 
cidence of undescended testis in both rodent and 
porcine cryptorchid animal models.!8-2! A dual hor- 
monal hypothesis—mullerian inhibitory factor (MIF) 
and testosterone for transabdominal and transinguinal 
descent of testis—was suggested by Hutson and Donahue 
in 1986.22 Their theory has been challenged because cur- 
rently it is widely belicved that an undescended testis in a 
patient with abnormal MIF is due to an anatomic block- 
age caused by persistent mullerian structures.23.24 

Estradiol has been shown to cause cryptorchidism in 
animals,16.25 and so an excess amount of estrogen in the 
male fetus could lead to an undescended testis. Bern- 
stein and colleagues revealed that mothers of children 
with cryptorchidism had significantly higher levels of 
free estradiol during the first trimester than did mothers 
whose offspring had normally descended testes.26 


Classification 


Whitaker in 1992 proposed that the undescended testis 
be classified into two major categories: impalpable and 
palpable testis.27 


1. Impalpable testis: Although the definite location of the 
impalpable testis can be determined only at the time 
of surgical exploration, it is usually located within the 
inguinal canal or the abdomen. Approximately 5% of 
all impalpable testes are absent and are not discov- 
ered even at exploration. 

2. Palpable testis: In this group the undescended testis is 
palpable. Therefore based on its location it is subclas- 
sified as emergent, superficial inguinal pouch, high 
scrotal/midscrotal, and ectopic. 

a. Emergent: In the normal pathway of descent, the 
testis may lie just outside the external ring of the 
inguinal canal, and occasionally it can be manipu- 
lated to such position. 

b. Superficial inguinal pouch: This position is the most 
common one in which the undescended testis is 
found. As such, the testis has emerged from the ex- 
ternal ring and has passed superficial to the exter- 
nal oblique muscle into a subcutaneous position. If 
the testis cannot be manipulated down into the 
scrotum, it may be ectopic. 

c. High scrotal/midscrotal: Many testes can be manipu- 
lated through a high or midscrotal position, al- 
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though most of them retract to an even higher po- 
sition on being released. The midscrotal testis is 
controversial and there is only a subtle difference 
between that and an asymmetrically lying normal 
testis. Therefore the need for surgery versus obser- 
vation in this type is debatable. 

d. Ectopic: The ectopic testis is positioned clearly away 
from the normal path of descent. These sites in- 
clude the abdominal wall, upper thigh, perineum, 
or base of the penis. As mentioned above, the testis 
that is in the superficial inguinal pouch and can- 
not be manipulated into the scrotum is included in 
this group. 


The most important parameter for classification is the 
location of the undescended testis. The position for clas- 
sification of a palpable testis is defined as the lowest po- 
sition into which the testis can be comfortably manipu- 
lated without tension. In an impalpable testis, it 1s the 
lowest position in which the testis lies when it is first ex- 
posed at exploration. Retractility of the testis should also 
be taken into consideration, as a normally descended or 
undescended testis can be retractile, provided it is be- 
yond the external ring.28-30 


Incidence and Location 


The testes are usually within the scrotum at birth, but there 
is a relation between the incidence of undescended testis 
and the weight of the newborn.8 Complete descent has 
been reported in almost all infants with a birth weight of 
more than 8 pounds. Testes were undescended in 21% of 
300 premature infants and in 2.7% of 3312 term in- 
fants.31-33 The overall incidence of cryptorchidism is 
0.08-2.00% in term male infants and 18-30% in those 
born prematurely.8 In almost half of such cases the descent 
of the testis takes place within the first month whether the 
child is born prematurely or at term. This condition is uni- 
lateral in 60-70% and bilateral in 30-40% of cases. One- 
third of infants who have an undescended testis at birth 
still have such a condition after 1 year of age.34 It is be- 
lieved that unless this l-year-old child is treated, he will 
have cryptorchidism throughout his life.35 

Approximately 25% of undescended testes are in the 
abdomen, and about 75% lie in the inguinal canal. Uni- 
lateral absence has been reported to be twice as com- 
mon on the left side, but failure to descend is more com- 
mon on the right at birth. Campbell and Harrison 
studied 275 infants with undescended testis (Fig. 14.2) 
and found 26% to be abdominal, 8% to be at the inter- 
nal ring, 62% in the inguinal canal, and 4% at the exter- 
nal ring.36 The frequency of testicular rest in the in- 
guinal canal is in striking contrast to the short time it 
usually takes for its passage through the canal. 
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FIGURE 14.2. Incidence of undescended testis at various loca- 
tions during its descent. (Modified from Campbell and Harri- 
son, 36 with permission.) 


An absent testis must be distinguished from an unde- 
scended testis to support a diagnosis of anorchia. It has 
frequently been pointed out that complete proof of tes- 
ticular absence can be obtained only at necropsy.8 

The variable incidence of cryptorchidism is partly re- 
lated to the fact that one-fourth to one-third of all male 
infants referred to clinics with suspected undescended 
testis are found to have normal, albeit retractile, tes- 
tes.28-30 This factor may be a major problem in diagnos- 
ing a large number of undescended testes and possibly a 
factor in the apparent increase in the rate of orchiopexy 
in recent years.2’ If the testis is normal but simply retrac- 
tile, it comes to rest at the bottom of the scrotum at pu- 
berty, and there is no convincing evidence that it will 
come to any harm from its temporary rest in the in- 
guinal region. 


Spermatogenesis and Fertility 


Opinions are divided regarding the fertility status associ- 
ated with cryptorchidism. The true question is whether 
the testis is retractile or truly undescended, and there- 
fore the incidence of infertility is variable. The higher 
and longer the testis resides away from the bottom of the 
scrotum, the greater is the likelihood of damage to the 
seminiferous tubules. For a testis to produce viable and 
mature spermatozoa in most mammalian species, it must 
descend from the warm intraabdominal environment 
into the cool scrotum. The slight temperature elevation 
of 1.5°—2.0°C between these two locations is sufficient to 
inhibit normal spermatogenesis.2.37 The earlier the testis 
is brought down into the scrotum, the greater is the po- 
tential for recovering spermatogenic activity. In addi- 
tion, there may be a defect in the spermatogenesis of the 
contralateral normal testis in such patients,38 which has 
been shown by Lipschultz and colleagues by comparing 
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the sperm density of normal adults with that of adults 
who had undergone successful unilateral orchiopexy 
during childhood. They found that some men with uni- 
lateral cryptorchidism have much lower than expected 
sperm counts, and they therefore believe that there may 
be an inherent defect in the testes of the patient with 
unilateral cryptorchidism.39 The important issue for 
eventual fertility in cryptorchidism is whether the condi- 
tion is unilateral or bilateral.40 Up to 50% of patients 
with unilateral and 75% of those with bilateral nonpalpa- 
ble testis have reduced sperm production.4! 

For normal descent of the testis, a normal epididymis 
is necessary. There is a 36% frequency of epididymal and 
vasal anomalies associated with undescended testis. Duc- 
tal abnormalities are defined as anomalies of ductal fu- 
sion that consist of loss of continuity between the testis 
and the epididymis or an absent or attenuated segment 
of the epididymis or vas deferens.42 


Histopathology 


There is a direct relation between the histopathologic 
abnormalities and the duration the testis remained 
cryptorchid. Cooper proved that the longer a testis re- 
mains cryptorchid, the more likely it is to be histologi- 
cally abnormal.37 Also, the farther the testis resided away 
from the bottom of the scrotum, the more pronounced 
are the histologic abnormalities. These alterations in the 
cryptorchid testis appear by 18 months of age and in- 
clude smaller seminiferous tubules, fewer spermatogo- 
nia, and more peritubular tissue. It is still unknown 
whether the known changes in the cryptorchid testis rep- 
resent a primary defect or only an alteration secondary 
to the cryptorchid state. 


Diagnosis 


Clinical and Laboratory Examinations 


Careful physical examination of the patient is important 
for the clinical diagnosis of undescended testis. The indi- 
cations for treatment of undescended testis are based on 
the results of the physical examination of the inguino- 
scrotal region. In addition, the success of medical treat- 
ment is judged by this examination alone. One of the 
most common causes of absence of testis from the scro- 
tum is retraction of the testis by the cremasteric reflex. 
Therefore inquiries should be made from the parents 
and previous examination records consulted to deter- 
mine if the testis was ever present in the scrotum. Before 
an attempt is made to palpate and manipulate the testis, 
the examiner’s hand should be warm to eliminate any 
possible cremasteric retraction. It is also advisable to per- 
form the examination with the patient in the squatting 


Ali Shirkhoda, Thomas G. Vrachliotis, and Kostaki G. Bis 


position. This position generally reduces tension in the 
subcutaneous tissue and improves detection of the unde- 
scended testis.43 Finally, when evaluating the patient, tes- 
ticular ectopia should be considered and the perineum 
examined. 

Plasma testosterone measurements help to detect the 
presence of active Leydig cells. Urography is helpful for 
ruling out concomitant renal anomalies and is recom- 
mended prior to surgical intervention. However, cross- 
sectional body imaging—sonography, magnetic reso- 
nance imaging (MRI), and occasionally computed 
tomography (CT)—are considered the primary search- 
ing tools for proper localization of the undescended 
testis and for evaluating associated anomalies.44-46 The 
primary roles of such modalities are to prove testicular 
agenesis, which would obviate exploration, and to iden- 
tify the intraabdominal testis, which would alter the sur- 
gical approach. 


Ultrasonography 


Diagnostic ultrasonography is the primary modality for 
evaluating patients with undescended testis. It is espe- 
cially helpful in obese boys when physical examination is 
difficult. Ultrasonography has a high degree of sensitiv- 
ity when the testis is low in the inguinal position. Heder- 
strom et al.47 showed a correlation between ultrasound 
localization and surgical confirmation in 88% of their 60 
patients where most had an undescended testis in the 
low inguinal position. In contrast, Weiss et al.48 showed 
that only 8 of 21 nonpalpable testes were found during 
surgical exploration (3 in the abdomen and 5 in the in- 
guinal region), only one of which had been demon- 
strated sonographically, confirming the limitations of 
this technique for localizing a high testis. 

Sonographically (Fig. 14.3), the undescended testis is 
usually defined as an oval structure with smooth and 
uniform echoes generally smaller than the contralateral 
testis if the latter was present in the scrotum. The linear 
echogenic mediastinum testis should be identified to 
differentiate the undescended testis from an enlarged 
lymph node, which may resemble a testis but lacks the 
mediastinum.45.47,48 Usually, ultrasonography can deter- 
mine the site of the undescended testis with a high de- 
gree of accuracy.46 If sonography is not helpful, one 
should use MRI as the next step for evaluation. 


Magnetic Resonance Imaging 


Magnetic resonance imaging with its multiplanar capa- 
bility and high soft tissue contrast resolution is able not 
only to make the diagnosis of cryptorchidism but to de- 
termine the precise anatomic position of the unde- 
scended testis. Fritzsche and colleagues used MRI in an 
investigation of undescended testis and successfully lo- 
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FIGURE 14.3. Sagittal sonogram of an undescended testis 
within the inguinal canal demonstrates homogeneous echo 
texture. Its size (29 X 14 mm) is considerably smaller than that 
of the contralateral normal testis. 


cated the testis in 93% of cases.49 In a more recent re- 
port, Maghnie and colleagues46 examined 22 nonpalpa- 
ble testis with sonography and MRI and concluded that 
neither of these two modalities are currently sensitive 
enough to stand alone as a screening modality for a non- 


A 


FIGURE 14.4. MRI of bilateral undescended testes. (A) Coronal 
proton density (TR/TE 1600/22 ms) and (B) Turbo T2- 
weighted (TR/TE 7650/270 ms) MRI scans of the lower pelvis 
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palpable testis. In their experience, the two techniques 
used separately provided useful information in 76% of 
cases, and their combined specificity compared with sur- 
gical findings was 95%. 

Magnetic resonance imaging probably has a higher de- 
gree of sensitivity for the detection of undescended 
testis, particularly when it is located in the pelvis where 
ultrasonography has difficulty with bowel gas (Fig. 14.4). 
Beomonte and colleagues reported a sensitivity of 88% 
and a specificity of 100% for localization of unde- 
scended testis.50 MRI, however, may not be able to detect 
the presence of an atrophic testis owing to its inherent 
low signal intensity, which can be confused with that of 
surrounding tissues. It is far more sensitive for detecting 
an abdominal testis than is ultrasonography, and it is also 
more specific in the recognition of gonads with Leydig 
cell function.46 One can therefore hypothesize that the 
role of MRI in the evaluation of undescended testis can 
probably be enhanced by hormonal prestimulation with 
hCG, which could increase the intensity of the signal on 
T2-weighted images and make the technique more sensi- 
tive and probably more specific.46 

The MRI examination begins with imaging the scrotum 
and inguinal canals with a surface coil centered over the 
base of the penis. Using an appropriate field-of-view and 
section thickness of 3-5 mm (depending on the patient’s 
size and age), sagittal Tl-weighted and coronal proton 
density and T2-weighted spin-echo images are obtained 
to evaluate the scrotum and inguinal canals. If the unde- 
scended testis is localized to the inguinal canal, as shown 
in Figure 14.4, the procedure is completed. Otherwise, 
transverse Tl- and T2-weighted spin-echo sequences (5 
mm section thickness) are prescribed to look for the un- 


demonstrate the value of this imaging plane for simultaneous 
assessment of both inguinal canals. Note the clear demonstra- 
tion of both intrainguinal undescended testes (arrows). 
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descended testis within the pelvis. The pelvis is scanned 
from the iliac crest to the ischial tuberosities using a head 
coil for infants or an appropriate body coil for children 
and adults. When found, an intraabdominal testis is usu- 
ally perivesical in location, as shown in Figure 14.5. The 
viable undescended testis on MRI is of low signal intensity 
on Tl-weighted images and of high signal intensity on 
the T2-weighted images. Occasionally, transverse T1- and 
T2-weighted spin-echo images are obtained from the iliac 
crest to the kidneys when the undescended testis is not lo- 
calized in the pelvis. In the past, abdominal MR images 
were difficult to evaluate owing to bowel peristalsis arti- 
facts and the difficulty of differentiating a bowel loop 
from an undescended testis. In the future the use of oral 
MRI bowel contrast agents and breath-hold sequences 
may improve localization of an intraabdominal testis. 


Computed Tomography 


Computed tomographic scanning can be utilized to 
identify the undescended testis in the inguinal canal.51 
However, it is generally not a helpful modality in young 


Ali Shirkhoda, Thomas G. Vrachliotis, and Kostaki G. Bis 


children when the testis lies in the abdomen. In young 
children, because of inadequate fat in the pelvis, the un- 
descended testis is often not surrounded by sufficient 
adipose tissue. This condition makes it difficult to prop- 
erly identify and differentiate it from other structures, 
especially lymph nodes. MRI is often more sensitive than 
CT in such circumstances,5? when there are no pitfalls 
from bowel loops and bowel peristalsis artifacts. 


Laparoscopy 


Although cross-sectional imaging is helpful for the 
proper diagnosis and accurate localization of the unde- 
scended testis, it has been shown that patients often ben- 
efit from laparoscopy. This method is not only safe and 
reliable for diagnosing the presence of a nonpalpable 
testis, but one may apply treatment simultaneously. The 
sensitivity of laparoscopy as a diagnostic procedure has 
proved to be greater than 95%.53-55 Laparoscopy can fa- 
cilitate placement of surgical incisions or obviate the 
need for further open intervention if no spermatic ves- 
sels are visualized in the abdomen.44 


FIGURE 14.5. MRI of unilateral undescended testis. (A) T1- 
weighted image (TR/TE 670/10 ms) reveals a small round 
mass (arrow) with signal intensity equivalent to that of muscle. 
(B) Turbo spin-echo T2-weighted image (TR/TE 5000/91 ms) 
demonstrates the same mass (curved arrow) with increased sig- 
nal intensity located posterior to the left external iliac vein (v). 
Surgery proved this mass to be an undescended testis. 
(C) Coronal T2-weighted image shows an empty left hemiscro- 
tum and a normal right testis. 
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Potential Complications and 
Development of Malignancy 


In addition to the higher incidence of infertility in pa- 
tients with cryptorchidism, there is a much higher inci- 
dence of malignancy development in the undescended 
testis than in the normal testis. Also such patients have a 
higher incidence of hernia and hydrocele, and the ab- 
normally positioned testis is subject to torsion. 


Neoplastic Conditions 


Carcinoma is far more common in an undescended 
testis than in a normally positioned testis. The highest in- 
cidence is when the testis is located in an intraabdominal 
position.56 The reported incidence of malignant degen- 
eration is variable, and some reports have indicated a 
35-48 times higher frequency of malignant change in 
an undescended testis than in a normally positioned 
testis.57 Gilbert and Hamilton analyzed 7000 malignant 
tumors of the testis and found 840 (12%) tumors in the 
undescended testis.58 Currently, it is generally believed 
that malignancy is approximately 50 times as frequent in 
the undescended testis as in the normally descended 
testis.! After the undescended testis has been localized, 
orchiopexy seems to be a reasonable surgical treatment, 
although animal experiments have shown that this pro- 
cedure does not protect against malignancy.59 In fact, pa- 
tients who have undergone orchiopexy have developed 
testicular tumors (Fig. 14.6) as early as by 5 years of age. 
Still, most authors currently recommend surgical correc- 
tion at 12-18 months of age.2 With bilateral crypt- 
orchidism, there is a 15% chance of developing a tumor 
in the opposite testis if one testis becomes involved with 
a tumor.58 In cases of bilateral intraabdominal testes, if 
one testis becomes malignant there is a 30% chance of 
malignancy in the contralateral testis. With unilateral in- 
traabdominal testis, the testis is generally removed, 
which should not deprive the patient from testicular hor- 
mones.30 With bilateral undescended testis, the question 
arises as to whether removal of one testis decreases the 
risk of malignancy in the opposite testis. This question 
remains to be answered. Generally, the malignancy rate 
correlates with increasing distance of the testis from the 
scrotum; thus malignant change is six times more com- 
mon in the abdominal testis than in the inguinal testis. 
Seminoma and embryonal cell carcinoma are the two 
most frequent neoplasms encountered in the crypt- 
orchid testis.59- 61 

The ideal methods for examining malignant transfor- 
mation of the undescended testis are CT and MRI (Figs. 
14.7, 14.8) because of their ability to characterize the in- 
ternal structure of the organ and, in the case of MRI, its 
capacity for multiplanar imaging.6! These methods can 
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precisely evaluate and stage the extent of disease, includ- 
ing associated adenopathy. 


Infertility 


The abnormally positioned testis has a low rate of sper- 
matogenesis. Because of the direct relation between the 
degree of spermatogenesis and the patient’s fertility, 
such men exhibit a variable degree of infertility. The 
longer the testis stays in an abnormal position and 
the higher it is, the greater is the degree of damage to 
the seminiferous tubules—hence the likelihood of infer- 
tility. Spermatogenesis does occur in undescended testes 
and in testes that are brought down surgically. Growth of 
the seminiferous tubules in the cryptorchid testis, how- 
ever, lags behind that of the normal testis after 5 years of 
age. It has been shown that the retained testis fails to de- 
velop past the stage reached by the normal testis in boys 
6-10 years old. The diameter of the seminiferous 
tubules reaches only 63% of normal at age 16 years and 
older. As puberty progresses, there is continued degener- 
ation of the undescended testis, with little evidence that 
the stage of normal sperm formation is ever reached.8 If 
the cryptorchid testis is not inherently abnormal, it be- 
comes so before puberty. 

Epididymal and vasal anomalies coexist with crypt- 
orchidism in approximately 36%.42 Such anomalies are 


FIGURE 14.6. Undescended testis with seminoma. This 51-year- 
old man with a history of right undescended testis had or- 
chiopexy at the age of 13 and now presented with an enlarged 
firm nontender right testis. A transverse sonogram of the right 
scrotum shows a large area of decreased echogenicity (arrows) 
in the posterior testis that, upon orchiectomy, proved to repre- 
sent seminoma. 
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FIGURE 14.7. Mixed germ cell tumor of an intraabdominal 
testis in a 22-year-old man. (A) Non-contrast-enhanced axial 
CT image of the pelvis reveals a predominantly low attenuation 
mass (m) with areas of calcification. (B) Midsagittal T1- 
weighted MRI scan (TR/TE 1000/20 ms) displays the cranio- 
caudal extension of the mass, which measures 15 X 8 cm in this 
plane. (C) T2-weighted axial image (TR/TE 2000/80 ms) 


discovered either at orchiopexy or during testicular 
biopsy performed in azoospermic patients for infertility. 
Occasionally, vasal anomalies are discovered during rou- 
tine herniorrhaphy and should be considered in the 
prognosis of future fertility. Even with an excellent histo- 
logic appearance of the testis, the fertility impairment 
may occur because of defective sperm transport, despite 
preservation of germ cells by early orchiopexy.42 


Hernia 


After descent of the testicle, the processus vaginalis, 
which connects the peritoneal cavity to the tunica vagi- 
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shows areas of high and intermediate signal within the mass. 
(D) Section through the pathologic specimen reveals areas of 
viable seminoma and embryonal carcinoma (arrows) sur- 
rounded by areas of fibrosis, necrosis, and focal hemorrhage. 
The mass, which contained no fatty component, was sur- 
rounded by a pseudocapsule. 


nalis, usually closes between the eighth month of fetal 
life and the first month after birth. In children with 
cryptorchidism it remains patent and may permit some 
of the intraabdominal contents or meconium to enter 
the tunica vaginalis, resulting in hernia or hydrocele.28 
Meconium peritonitis usually results from intestinal per- 
foration due to a volvulus, atresia, vascular compromise, 
or Inspissated meconium as in cystic fibrosis. In many in- 
stances the perforation has healed before delivery, and 
the infant manifests no gastrointestinal abnormalities. 
Male infants in this category occasionally present with 
soft hydroceles at birth that contain meconium that has 
migrated from the peritoneal cavity into the fetal scro- 
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FIGURE 14.8. Nonseminomatous germ cell tumor in an unde- 
scended testis of a 29-year-old man (A) Axial CT image 
through the midpelvis shows a well defined 9 X 8 cm inhomo- 
geneous mass (m) with areas of low attenuation. No calcifica- 
tions are seen. The same mass is demonstrated in the coronal 
plane on Tl-weighted (TR/TE: 800/25 ms) (B) and T2- 
weighted (TR/TE: 2000/80 ms) (C) MRI scans. Areas of inho- 
mogeneity (curved arrows) and areas of bright signal (small 
arrows) are noted. The latter could represent foci of hemor- 
rhage, fat, or neoplasia. However, the pathologic specimen 
contained mature teratoma without significant fatty or hemor- 
rhagic components. The compressed bladder (b) is seen with- 
out evidence of invasion. 


tum via a patent processus vaginalis.62 According to 
Scorer and Farrington,63 the incidence of hernia is 
higher than 90% in children with undescended testis. In- 
terestingly, the testis can ascend after an inguinal hernia 
operation, and the incidence of such iatrogenic ascent 
has been reported to be 1.2%.64 An associated inguinal 
hernia results in significant technical difficulty for the 
evaluation of undescended testis by ultrasonography. 


Torsion 


The undescended testis is more susceptible to undergo- 
ing torsion because of a developmental anatomic abnor- 
mality between the testis and its mesentery.2 Normal 
growth of the testis during the postpubertal period, as 
well as development of a neoplasm, increases the inci- 
dence of testicular torsion. According to Rigler, 64% of 
adults with torsion in an undescended testis have a germ 


cell tumor.66 Therefore if a patient with an ipsilateral 
empty scrotum presents with abdominal pain, one 
should always consider torsion of an undescended 
testis67 in the differential diagnosis. 


Other Associated Anomalies 


There have been reports of a high incidence of addi- 
tional anomalies, such as Klinefelter, Noonan (or male 
Turner), and Prader-Willi syndromes in boys with crypt- 
orchidism. As in Klinefelter syndrome, patients with 
Noonan syndrome occasionally are fertile, but the disor- 
der is usually not passed on to offspring. Prader-Willi 
syndrome is believed to be secondary to a hypothalamic 
defect and is usually associated with hypotonic muscula- 
ture, mental retardation, obesity with gynecomastia and 
hypogonadism with a minute penis, hypoplastic scrotum, 
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and cryptorchidism.68.69 In addition to these syndromes, 
the presence of a supernumerary spleen in the scrotum 
and a higher incidence of imperforated anus have been 
reported in patients with undescended testis.70,71 Cortes 
and coworkers studied 136 boys who were operated for 
an imperforated anus and found cryptorchidism to be 
the most common associated anomaly, involving 26 
(19%) of cases.71 The higher the anatomic level of 
anorectal malformations, the higher was the incidence 
of cryptorchidism. 
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Inflammatory Conditions 
of the Epididymis and Testis 


Sheila Sheth 


Patients presenting with a sudden onset of scrotal pain 
and swelling require immediate medical attention and 
prompt diagnosis to differentiate surgical from medical 
causes of an acute scrotum. This chapter addresses the 
clinical presentation, etiologic agents, and sonographic 
manifestations of acute inflammation of the epididymis 
and testis. A review of the anatomy and sonographic ap- 
pearance of the normal scrotum precedes this discussion. 


Examination Technique 


The scrotum and its contents are examined with a linear 
or curvilinear high-resolution, high-frequency (7.5-10.0 
MHz) dedicated small parts transducer with color and 
duplex Doppler capability. Occasionally, a 5 MHz trans- 
ducer is chosen to ensure better penetration, and in rare 
cases of extreme scrotal edema it may be necessary to 
use a 3.5 MHz transducer. The patient is scanned in the 
supine position, and the scrotum is supported by a towel 
draped over the patient’s thigh to act as a sling. The pe- 
nis is dorsiflexed over the suprapubic region. A standoff 
pad may be helpful to further characterize superficial le- 
sions. Sagittal and transverse images of both testes and 
epididymis are obtained. If there is a palpable abnormal- 
ity on physical examination, it is often helpful to per- 
form targeted scanning during palpation to correlate 
potential sonographic abnormalities with physical exam- 
ination. Standard images obtained include sagittal and 
transverse scans of each testis and epididymis and trans- 
verse or coronal scans showing both testes side by side to 
allow comparison of testicular echotexture and assess- 
ment of scrotal skin thickness. Color Doppler is then ac- 
tivated to assess testicular perfusion. Color Doppler set- 
tings are optimized to detect slow flow: the highest color 
gain setting allowing an acceptable signal/noise ratio, 
lowest wall filter, and lowest velocity scale. If an abnor- 
mality is detected on gray scale or if the patient is symp- 
tomatic, the normal testes should be evaluated first and 
used as a control for the abnormal or symptomatic side. 
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This point is particularly important in the evaluation of 
patients with suspected testicular torsion, as perfusion to 
the symptomatic side can easily be compared to the vas- 
cularity of the normal testis. 


Normal Anatomy 


The testes are suspended by the spermatic cord within 
the scrotum, a cutaneous pouch divided into two com- 
partments by the median raphe (Fig. 15.1). The scrotal 
wall consists of a skin layer, the tunica dartos, which con- 
tains elastic and smooth muscle fibers, and three fascial 
layers: external spermatic fascia, cremasteric fascia, and 
internal spermatic fascia. Underneath the internal sper- 
matic fascia lies the tunica vaginalis, a peritoneal reflec- 
tion with two layers: a visceral layer covering the testes 
and a parietal layer lining the scrotum. The appendix 
testis (hydatid of Morgagni) and the appendix epi- 
didymis are two embryologic remnants that lie under- 
neath the visceral layer of the tunica vaginalis. Each 
testis is covered by a dense fibrous capsule, the tunica al- 
buginea. Multiple septa radiate from the tunica albug- 
inea in the region of the mediastinum testis toward the 
periphery of the testicular parenchyma and divide the 
organ into several hundred compartments or lobules. 
Each lobule contains convoluted seminiferous tubules, 
which converge toward the mediastinum testis and anas- 
tomose to form the rete testis. The seminiferous tubules 
are the site of spermatogenesis. From the rete testis arise 
10-15 straight efferent ducts, which carry the sperm to 
the ductus epididymis in the head of the epididymis. 
The epididymis lies posterolateral to the testis and is 
composed of a head (globus major), body, and tail 
(globus minor). The epididymis contains the ductus epi- 
didymis. The vas deferens originates at the tail of the epi- 
didymis and courses cephalad in the spermatic cord. 
The spermatic cord contains the vas deferens and is ac- 
companied by the deferential, cremasteric, and testicu- 
lar arteries. 
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FIGURE 15.1. Normal anatomy. 
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The testicular artery provides the main arterial supply 
to the testis and arises from the aorta just below the renal 
artery. It enters the testis at the level of the mediastinum, 
where it divides into capsular arteries, which course 
around the periphery of the testis in the tunica vascu- 
losa. From these capsular arteries, centripetal branches 
enter the parenchyma and run toward the mediastinum 
testis. The vas deferens, epididymis, and scrotal wall are 
supplied primarily by the deferential artery and the cre- 
masteric artery, respectively. The pampiniform plexus 
provides venous drainage to the testis (Fig. 15.1). 


FIGURE 15.2. Normal testis and epididymis. On this sagittal 
sonogram, the testis has a homogeneous, medium-level echo- 
texture. The epididymal head (arrows) has a similar echotex- 
ture. The scrotal skin thickness measured 3-4 mm (arrow- 
heads). 
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Sonographic Appearance 
of the Normal Scrotum 


The testes appear as symmetric ovoid organs measuring 
approximately 3-5 cm in length and 2-3 cm in trans- 
verse and anteroposterior diameters. They have a homo- 
geneous medium-level echotexture (Fig. 15.2). A linear 
structure is sometimes visible within the parenchyma, 
which proves to be vascular by Doppler sonography (Fig. 
15.3). The mediastinum testis appears as a bright 
echogenic band in the posterolateral aspect of the organ 
(Fig. 15.4). The epididymal head is triangular in shape, 
caps the testis superiorly, and is of similar echotexture 
(Fig. 15.2). The body and tail of the epididymis are less 
often visualized. If a small amount of fluid is present 
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FIGURE 15.3. Normal testis. (A). Sagittal sonogram of the testis 
shows a linear hypoechoic structure within the parenchyma 
(arrowhead). (B) See color insert. 
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FIGURE 15.4. Normal testis: mediastinum testis. On this trans- 
verse sonogram of the right testis, the mediastinum testis ap- 
pears as an echogenic band slightly thicker toward the periph- 
ery (arrowheads). 


within the layers of the tunica vaginalis, it may delineate 
the appendix testis at the superior pole of the testis (Fig. 
15.5). The scrotal wall thickness measures 2—6 mm. 
Color and duplex Doppler sonography easily allow 
identification of intra- and supratesticular arteries in 


FIGURE 15.5. Appendix testis. On this sagittal sonogram, the ap- 
pendix testis (arrows) attaches at the upper pole of the testis 
and is delineated by a small physiologic amount of fluid. 
e = epididymal head. 
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FIGURE 15.6. Normal arterial supply to the testis. (A) Spectral 
Doppler sonographic waveform of the cremasteric artery 
demonstrates a high impedance flow pattern. (B) and (C) See 
color insert. 


adults and young children, provided the testicular vol- 
ume is more than 1 cm3.1.2 Supratesticular arteries are 
often tortuous and have variable spectral waveforms; the 
testicular artery typically has a low impedance flow pat- 
tern with continuous forward flow during diastole, 
whereas cremasteric and deferential arteries, which pri- 
marily supply the epididymis and scrotal wall, have high 
resistance flow (Fig. 15.6A). Capsular arteries are seen 
coursing along the margin of the testis, and intratesticu- 
lar arterial branches have a relatively straight course 
within the parenchyma (Fig. 15.6B,C). All parenchymal 
branches demonstrate a low impedance flow pattern 
with resistive indices ranging from 0.46 to 0.78 and pul- 
satility indices ranging from 0.82 to 2.30 (Fig. 15.6C).1,3 
Whereas veins of the pampiniform plexus are some- 
times seen as tortuous l- to 2-mm anechoic structures, 
intratesticular veins are rarely demonstrated in normal 
individuals. 


Acute Epididymitis and 
Epididymoorchitis 


Inflammatory conditions of the scrotal contents primar- 
ily involve the epididymis. The infectious process may 
secondarily spread to the ipsilateral testis. Less com- 
monly the testis is primarily affected, particularly in 
some viral and granulomatous processes. This chapter 
reviews the clinical manifestations and imaging findings 
in acute and chronic infections and inflammatory 
processes involving the epididymis and testes. At our in- 
stitution, color Doppler sonography has been most suc- 
cessfully used to image these patients and has replaced 
scintigraphy. Hence special emphasis is placed on this 
imaging modality throughout the discussion. 


15. Inflammatory Conditions of the Epididymis and Testis 


Acute epididymitis is an inflammation of the epi- 
didymis generally caused by a lower urinary tract infec- 
tion or sexually transmitted microorganisms. It is the 
most common underlying cause of acute onset of scrotal 
pain and swelling in young adults and older men,‘ ac- 
counting for approximately 80% of cases with this clini- 
cal presentation. Color Doppler sonography plays a cru- 
cial role in (1) diagnosis by differentiating acute 
epididymitis from other causes of acute scrotal pain and 
swelling, such as torsion of the spermatic cord, posttrau- 
matic scrotal injuries, acute presentation of a testicular 
neoplasm, and intrascrotal incarcerated hernia5-7; and 
(2) prognosis by identifying potential complications of 
acute epididymitis, such as severe secondary orchitis, tes- 
ticular ischemia and necrosis, pyoceles, and abscess for- 
mations that may require surgical intervention.8 In chil- 
dren and young men the most important entity to 
distinguish from epididymitis is acute torsion of the sper- 
matic cord, a surgical emergency that requires interven- 
tion within 6 hours after onset of symptoms if testicular 
viability is to be preserved.3 Because the clinical manifes- 
tations of these two entities often overlap, it is imperative 
that color Doppler sonography be readily available at all 
times to manage these patients and decrease the number 
of unnecessary exploratory surgical interventions (see 
also Chapter 16). 


Clinical Presentation 


The classic clinical symptoms of acute epididymitis are 
scrotal pain and swelling, usually developing over the 
course of a few hours or days. Fever, chills, dysuria, and 
urinary frequency may be present, particularly in older 
men. On physical examination the scrotum is swollen 
and red, and the epididymis is tender. A reactive hydro- 
cele is often present. Accompanying signs may include 
loss of the cremasteric reflex and urethral discharge or 
findings suggestive of a bladder outlet obstruction.49 Al- 
though acute epididymitis is usually a unilateral disease, 
it can be bilateral. Laboratory workup in these patients 
should include a Gram stain and Chlamydia immunofluo- 
rescence stain of any urethral discharge or urethral strip- 
ping specimen. In older men or in the absence of ure- 
thral discharge, a midstream urine specimen should be 
obtained and examined for pyuria and bacteriuria, and a 
urine culture should be requested.4,9 Epididymal aspira- 
tion is rarely indicated, except in patients who fail to re- 
spond to appropriate antibiotic therapy, men with recur- 
rent infection of unclear etiology, or patients with 
indwelling catheters. 10 


Etiology of Acute Epididymitis 


A specific infectious etiology can be demonstrated in up 
to 80% of patients with acute epididymitis.!1 The infec- 
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tion usually spreads by direct extension from the urethra 
or the infected lower urinary tract to the epididymis via 
the vas deferens. Berger and colleagues, studying ure- 
thral and urine cultures and direct epididymal aspirates 
have shown that the infectious agents primarily depend 
on the age and sexual orientation of the patients.10-12 
Their observations demonstrate that in men under the 
age of 35 years epididymitis results from sexually trans- 
mitted pathogens. In their series,!0-12 later confirmed 
by others,!3 Chlamydia trachomatis was the most common 
organism isolated, followed by Neisseria gonorrhoeae. Ho- 
mosexual males, however, are usually infected with col- 
iform bacteria.!4 In older men (> age 35 years) and 
young children, acute epididymitis is usually not related 
to sexual transmission but is often associated with an un- 
derlying urinary tract infection. Common pathogens in 
this group include Escherichia coli and Pseudomonas. In 
this group and in young children, underlying abnormali- 
ties of the lower urinary tract are common. They include 
prostatic hypertrophy, urethral strictures, recent urinary 
tract instrumentation or surgery, and an indwelling Fo- 
ley catheter in the elderly4; congenital bladder or ure- 
thral abnormalities are seen in children and infants.15.16 
These conditions predispose to the spread of infections 
from the lower urinary tract to the epididymis by inter- 
fering with the normal valve-like mechanism that pre- 
vents reflux of urine into the ejaculatory ducts and vas 
deferens.4 

Although acute scrotal pain and swelling was once con- 
sidered a surgical emergency in children because of the 
high likelihood of testicular torsion,!7 several studies 
have found that acute epididymitis is a more common 
cause of an acute scrotum.!819 Underlying anatomic 
anomalies, often amenable to surgical repair, are com- 
mon (up to 75% in infants), especially if there is a posi- 
tive urine culture. Congenital anomalies such as ectopic 
insertion of the ureter, prostatic utricle, duplications or 
stenosis of the urethra, posterior urethral valves, and rec- 
tourethral or rectovesical fistulas have been associated 
with epididymitis in young children.15.20 Infants and 
young children should benefit from a complete urologic 
workup, including a voiding cystourethrogram and an 
excretory urogram. 15,19 

These common pathogens account for most cases of 
acute epididymoorchitis, although less common organ- 
isms are occasionally responsible for this condition. Bru- 
cellosis and salmonellosis have been implicated in some 
cases.2!-23 Genitourinary spread of tuberculosis is more 
prevalent in developing countries and is addressed in 
Chapter 31. 

In immunocompromised hosts, particularly men with 
acquired immunodeficiency syndrome (AIDS), epididy- 
moorchitis can be particularly virulent and associated 
with systemic signs of sepsis.24.25 Epididymoorchitis ac- 
counts for most of the hospital admissions related to the 
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genitourinary tract in these patients.26 In addition to the 
common pathogens described above, opportunistic or- 
ganisms such as cytomegalovirus, Toxoplasma gondii, Can- 
dida albicans, and Nocardia can be responsible for acute 
epididymitis and should be sought by appropriate cul- 
tures.27-30 Transscrotal biopsy may be necessary if the pa- 
tients fail to respond to usual antibiotic therapy.24 

Noninfectious causes of acute epididymitis account for 
a few cases. Several cases of epididymitis associated with 
long-term amiodarone therapy for the treatment of car- 
diac arrhythmias have been reported.3!.32 Inflammation 
of the epididymis may result from accumulation of the 
drug in the epididymis; it is usually self-limited over sev- 
eral weeks or responds to a decrease in drug dose. Hem- 
orrhagic epididymitis has been described in children 
with Henoch-Schonlein purpura,33 after scrotal trauma, 
and in patients with vasculitis.34 


Sonography of Acute Epididymitis 


Color Doppler sonography is ideally suited to image pa- 
tients with acute scrotal pain. It allows rapid assessment 
of testicular vascularity, which is essential if one is to ex- 
clude testicular torsion with confidence and thereby de- 
crease the number of unnecessary scrotal exploratory 
surgeries. Color Doppler sonography has been shown to 
be at least as accurate for assessing testicular perfusion as 
nuclear scintigraphy35-37 and has completely replaced 
this modality for emergency evaluation of the acute scro- 
tum at our institution. Acute epididymitis can be diag- 
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nosed when the radionuclide study demonstrates in- 
creased flow in the epididymis and increased uptake in 
the scrotal contents on the affected side. However, 
scintigraphy is limited by its poor spatial resolution. The 
main advantage of color Doppler sonography is that it 
combines morphologic assessment of the scrotal con- 
tents with information regarding testicular and epididy- 
mal perfusion.35-37 This information is particularly valu- 
able in the small number of patients in whom testicular 
tumors present as an acute or subacute scrotal process,” 
and it allows diagnosis of complications associated with 
acute epididymitis, such as pyoceles and abscesses. Other 
advantages include speed of performance and absence 
of ionizing radiation. 

Uncomplicated acute epididymitis presents as an en- 
larged hypoechoic epididymis (Fig. 15.7).38-40 The 
process is usually diffuse but is occasionally more fo- 
cal.5,38,41 Thickening of the scrotal wall to more than 7 
mm helps support the diagnosis of an inflammatory 
process.41 An associated reactive hydrocele may be pre- 
sent. In the absence of orchitis, the testicle itself is of 
normal size and echotexture. In severe cases intraepi- 
didymal hemorrhage may occur, and the organ be- 
comes enlarged and heterogeneous in echotexture 
with areas of hyperechogenicity intermixed with regions 
of decreased echogenicity (Fig. 15.8).39 Although the 
epididymis usually returns to its normal appearance af- 
ter successful therapy, repeat episodes may lead to 
chronic epididymitis. Because of fibrosis, the epididymis 
is enlarged and has heterogeneous echotexture.5,39 


FIGURE 15.7. Acute epididymitis in a patient affected with HIV and Salmonella growing in urine culture. Sagittal (A) and transverse 
(B) sonograms show the entire epididymis to be enlarged and hypoechoic (arrows). The testis (T) appears normal. 
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FIGURE 15.8. Severe acute epididymitis in a patient infected 
with HIV. Transverse sonograms show a markedly enlarged, 
heterogeneous epididymis (arrows). 


Color Doppler sonography helps confirm the diagnosis 
by demonstrating an increase in the number and con- 
centration of blood vessels within the enlarged epi- 
didymis in virtually all cases (Fig. 15.9A,B)3,6,35,36,42-44 
and showing normal to increased flow within the testis, 
thereby excluding acute testicular torsion. The spectral 
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FIGURE 15.9. Acute epididymitis with hyperemia. (A) On this 
sagittal sonogram the epididymal head is enlarged and hetero- 
geneous (arrow). The scrotal skin is thickened. (B) See color 
insert. (C) Spectral Doppler sonogram of prominent epididy- 
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Doppler waveform from epididymal vessels shows in- 
creased diastolic flow indicative of a low resistance cap- 
illary bed in the epididymal arteries and detectable ve- 
nous flow (Fig. 15.9C).43 Increased epididymal flow is 
occasionally seen in cases of spontaneous detorsion or 
after trauma.44 


Sonographic Appearance of Complications 
Associated with Acute Epididymitis 


Sonography plays an important role in detecting compli- 
cations resulting from acute epididymal inflammation 
and helps select patients who may require surgical inter- 
vention.’ It should be performed in any patient who 
does not respond appropriately to medical therapy.8 


Orchitis 


Orchitis, or acute inflammation of the testes, generally 
results from direct extension from severe acute epi- 
didymitis. Approximately 15-20% of patients with epi- 
didymitis have associated orchitis. In mild cases the 
echotexture of the testes may be normal, and an in- 
crease in testicular vascularity is the only indication of in- 
flammation (Fig. 15.10).43 In more severe cases, the 
testis is enlarged and hypoechoic (Fig. 15.11). A thick 
echogenic lining surrounding the inflamed testis is often 
visible and represents an inflamed, thickened tunica al- 
buginea (Fig. 15.11).45 Focal orchitis presents as a hy- 
poechoic intratesticular lesion and can simulate a testic- 
ular neoplasm. A peripheral location, poorly defined 
borders, and location adjacent to a thickened enlarged 
epididymis suggests the presence of focal orchitis (Fig. 
15.12).46 Diffuse or focal hyperemia within the testes is 
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mal arteries in a different patient with acute epididymitis. Note 
the increase in diastolic arterial flow, indicative of a low imped- 
ance capillary bed. 
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FIGURE 15.10. Acute epididymitis with mild orchitis. (A) Trans- 
verse sonogram of both testes shows them to be of almost com- 
parable echotexture. The skin of the right hemiscrotum is 
thickened (arrowheads). The right epididymis was enlarged 
and hypoechoic (not shown). (B) and (C) See color insert. 


readily demonstrated by color Doppler sonography. 
However, many testicular neoplasms are hypervascular. 
If focal orchitis is strongly suspected, the patient can be 
spared an immediate orchiectomy and placed on appro- 
priate antibiotic therapy. The sonographic appearance 
of the testis should rapidly improve over a few weeks. 
Sonographic follow-up is obtained until the intratesticu- 
lar lesion has completely resolved (Fig. 15.13) .46 


Epididymal and Testicular Abscess, Testicular Infarction 


Serious complications of acute epididymitis include sup- 
purative orchitis and testicular infarction. These con- 
ditions are rather uncommon, with an overall incidence 
of 3-4%.8 A higher frequency of complications 
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FIGURE 15.12. Focal orchitis in a patient with acute epididymi- 
tis. (A) On this sagittal sonogram, the tail of the left epididymis 
is enlarged and hypoechoic (arrows). (B) There is a hypoe- 
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FIGURE 15.11. Acute orchitis in a 55-year-old man with severe 
left epididymitis. On this transverse sonogram the left testis is 
enlarged and diffusely hypoechoic compared to the normal 
right testis (RT). The tunica albuginea is thickened (arrows). A 
reactive hydrocele is present. 


(10.5-39.0%) is reported for patients who are not re- 
sponding to outpatient antimicrobial therapy and re- 
quire hospitalization.8.47 The sonographic appearance of 
an inhomogeneous echotexture throughout the testicle 
suggests a diagnosis of testicular infarction (Fig. 
15.14A,B).8,45.47 Decreased testicular perfusion, docu- 
mented by color Doppler sonography, is thought to be 
related to extrinsic compression of the testicular vessels 
by the enlarged, inflamed head of the epididymis and by 
funiculitis or inflammatory involvement of the spermatic 
cord.48 If testicular hypoperfusion is recognized early, 
prompt surgical exploration and epididymotomy some- 
times allows salvage of the testis.48 Another possible 
mechanism for testicular infarction involves thrombosis 
of the veins draining the testicle.49 A worsening appear- 


choic mass with ill-defined borders at the lower pole of the left 
testis (arrows) contiguous with the abnormal epididymis. 
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FIGURE 15.13. Multifocal orchitis in a patient with a history of 
epididymoorchitis. (A) Sagittal sonogram of the left testis 
shows several hypoechoic lesions scattered within the gland (ar- 
rows). Because a multifocal neoplasm could not be excluded, 


FIGURE 15.14. Severe orchitis leading to testicular atrophy in 
a 30-year-old man. (A) Sagittal sonogram. Note the en- 
larged hypoechoic left testis with a heterogeneous echotex- 
ture. The tunica albuginea (arrows) is thickened, and a hy- 
drocele is present. (B) Transverse sonogram. The skin of 
the left hemiscrotum is thickened (arrowhead). Note again 
the thickened echogenic tunica albuginea (arrow) and re- 
active hydrocele. (C) Transverse sonogram 2 years later 
shows a small atrophic left testis. 
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close sonographic follow-up was recommended. (B) Repeat 
sonogram, 4 months later, shows that most of the lesions have 
resolved on antibiotic therapy, confirming the diagnosis of 
multifocal orchitis. 
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FIGURE 15.15. Epididymal abscess in a patient with a history of 
severe epididymoorchitis. Transverse sonogram shows a well 
defined fluid collection with debris within the tail of the epi- 
didymis (between calipers). An abscess was confirmed at 
pathology. 


ance of the testicle indicates irreversible ischemia and 
the need for orchiectomy.8.48 If surgery is withheld, tes- 
ticular atrophy results (Fig. 15.14C). Ischemia makes the 
testicle more susceptible to bacterial invasion, leading to 
suppurative orchitis and abscess formation. Sonographi- 
cally, it may be difficult to differentiate intratesticular ab- 
scesses from areas of necrosis with liquefaction. Hypoe- 
choic fan-shaped areas separated by echogenic septa 
have been described as a feature of abscess.50 Pyoceles 
may result from spontaneous rupture of a testicular ab- 
scess and often require surgical drainage. Epididymal ab- 
scesses present a relatively well defined fluid collection 
that often contains debris (Fig. 15.15). 


Other Inflammatory Conditions 
of the Scrotum and Its Contents 


Viral Orchitis 


The incidence of mumps orchitis has been steadily de- 
creasing because of the widespread use of mumps vac- 
cine, and most cases are now episodic. Mumps orchitis 
should be suspected if parotid swelling precedes testicu- 
lar involvement. It is uncommon in young children but 
affects 14-35% of adolescents and adults with mumps.5! 
During the acute phase, the sonographic appearance is 
similar to that of bacterial epididymoorchitis. Testicular 
atrophy follows in 30-50% of cases and cannot be differ- 
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entiated from other causes of testicular atrophy. Other 
viral agents implicated in orchitis include the coxsackie, 
varicella, and dengue viruses, as well as cytomegalovirus 
in the immunocompromised host.27.52 


Sarcoidosis and Granulomatous Orchitis 


Involvement of the testes and epididymis by sarcoidosis 
is rare, affecting fewer than 1% of patients with systemic 
sarcoidosis.53 Sonography shows a hypoechoic mass in 
the epididymis or, more commonly, in the testis. Differ- 
entiation from a testicular neoplasm may not be possible 
in the latter case. 

Idiopathic granulomatous orchitis is a chronic inflam- 
matory condition of unknown etiology. Approximately 
150 cases have been reported worldwide. It predomi- 
nantly affects men during the fifth and sixth decades. It 
appears as a hypoechoic solid testicular mass, occasion- 
ally with calcifications; and it cannot be distinguished 
from a testicular neoplasm. Histologic examination re- 
veals an intratesticular inflammatory process, with the in- 
terstitium infiltrated by lymphocytes, eam cells, and 
lymphocytes.54-56 


Fournier’s Gangrene 


Fournier’s gangrene is a severe, fulminant infection af- 
fecting the subcutaneous tissue and fascial planes of the 
male external genitalia and perineum. Obliterative en- 
darteritis with thrombosis of the small subcutaneous ar- 
terioles leads to rapidly progressive necrotizing fasciitis 
and necrosis with gangrene of the scrotal and perineal 
skin and soft tissues. If left untreated, the infection can 
spread rapidly along fascial planes to involve the but- 
tocks and anterior and posterior abdominal walls.57.58 An 
infectious source is identified in up to 95% of patients. 
Mixed flora involving several aerobic and anaerobic 
species that act synergistically can usually be cultured 
from the wound. Common pathogens include anaerobes 
such as gram-positive cocci and clostridia and aerobes 
such as FE. coli, Proteus, and enterococci.57.59 The origin of 
this process is usually attributed to spread of infection 
from the lower genitourinary tract, extension from a pe- 
rianal or rectal infection, or local trauma. Patients with 
chronic debilitating illnesses, particularly diabetes melli- 
tus, and chronic alcoholism, intravenous drug abuse, 
and AIDS are especially at risk for this condition.57,59,60 
Clinically, the disease has an initial insidious onset, fol- 
lowed by rapid deterioration if not treated emergently. 
The patient presents with scrotal pain and swelling. The 
presence of a crepitus on physical examination related 
to the presence of subcutaneous air strongly suggests the 
diagnosis.57 

Imaging studies help confirm the diagnosis. A plain 
film of the lower abdomen and pelvis shows air in the 
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FIGURE 15.16. Fournier’s gangrene. (A) Plain films of the pelvis 
shows air within the soft tissue of the scrotum (arrows). (B) CT 
scan confirms the presence of scrotal air (arrow). (Case cour- 


soft tissues of the scrotum and peritoneum (Fig. 15.16A). 
Because the initial symptoms mimic acute epididymitis, 
scrotal sonography may be the initial imaging modality. 
Sonographic findings of Fournier’s gangrene include 
marked thickening of the scrotal skin containing multi- 
ple discrete bright echoes with “dirty” posterior acoustic 
shadowing characteristic of gas bubbles. Although 
peritesticular fluid is often present, both epididymides 
and testes should be normal (Fig. 15.17).61 Computed 
tomography (CT) is not required for diagnosis in most 
cases but shows the spread of the disease to its full extent 
(Fig. 15.16B).62 Rapid therapeutic intervention with 
broad-spectrum intravenous antibiotic therapy, hyper- 


FIGURE 15.17. Fournier’s gangrene in a diabetic man. Sono- 
graphic appearance. Sagittal (A) and transverse (B) sonograms 
of the left hemiscrotum show many echogenic foci with “dirty” 
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tesy of Dr. Isabelle Yoder, Department of Radiology, Massachu- 
setts General Hospital.) 


baric oxygen, and extensive surgical débridement is es- 
sential. Despite aggressive management, this disease car- 
ries a mortality of 20-45%.57.59 

The differential diagnosis of Fournier’s gangrene in- 
cludes gas-forming scrotal abscess (Fig. 15.18), scrotal 
hernia with gas-containing bowel (Fig. 15.18), emphy- 
sema of the scrotum due to colonic perforation from sig- 
moid diverticulitis or colonoscopy, and extension of sub- 
cutaneous emphysema from pulmonary barotrauma in 
mechanically ventilated patients. Although scrotal air or 
gas can be demonstrated on standard radiographs and 
strongly suspected on ultrasonography, CT is clearly su- 
perior because of its high contrast resolution and its 
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shadowing within the soft tissues (arrows). The scrotal skin is 
thickened. The testis (T) itself is normal. There is a small hy- 
drocele. 
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FIGURE 15.18. Gas-forming abscess in the left scrotum (arrow) 
and herniated bowel containing oral contrast and gas (curved 
arrow) in the right side. It is clearly differentiated by CT in a 
56-year-old man who presented with acute scrotal pain. 
(Reprinted form Amendola et al.,62 with permission.) 


cross-sectional display of anatomy, providing accurate lo- 
calization and defining the extent of disease.63 


Conclusions 


Acute inflammation of the epididymis is the most com- 
mon cause of acute scrotal swelling and pain. Color 
Doppler sonography allows accurate diagnosis in most 
cases and has become the imaging modality of choice in 
these patients. In selected instances, such as difficult 
cases of suspected torsion versus orchiepididymitis, ra- 
dionuclide scintigraphy may be helpful. If a gas-forming 
infection and Fournier’s gangrene are clinical considera- 
tions, CT scanning may play a role in addition to conven- 
tional radiography. 
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Clinical assessment of the acute scrotum has inherent 
limitations, although it remains the cornerstone of the 
initial evaluation in the patient with a painful scrotum. 
Exquisite tenderness makes palpation of the testes diffi- 
cult. The role of imaging in evaluation of the painful 
scrotum is not indisputable. Many practicing urologists 
continue to believe that physical examination is the best 
guide regarding the need for surgical exploration. How- 
ever, imaging and more specifically color Doppler ultra- 
sonography (CDU) does and will continue to play a criti- 
cal role in the evaluation of the acute scrotum and early 
detection of testicular torsion. 

The acute onset of scrotal pain must be considered an 
emergency. With the high probability of testicular tor- 
sion, immediate scrotal exploration must be performed 
to prevent hemorrhagic necrosis. After 12 hours most 
torsed testicles have already undergone hemorrhagic in- 
farction, and if they are not removed atrophy occurs.! 
Differentiation from inflammatory conditions of the 
testes and scrotum determines whether the patient 
proceeds to surgery. Inflammatory processes are best 
treated medically (antibiotics). Only 25% of patients 
with acute scrotal symptomatology have testicular tor- 
sion.2 


Etiology 


Testicular torsion is the most common cause of testicular 
ischemia. In the normal scrotum there is a strong struc- 
tural affinity between the testis and the epididymis, 
which in turn is attached to the inner wall of the scro- 
tum. The posterior aspect of the epididymis has a bare 
area not covered by peritoneum. This anatomic relation 
does not allow for any significant rotation of the testis 
around its vascular axis. Normally, the parietal tunica 
surrounds the entire testis and most of the epididymis. 
However, in the case of the bell-clapper deformity, the 
epididymis lacks its attachment to the scrotum and is 
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completely surrounded by the tunica vaginalis. When 
the bare area becomes small (bell-clapper deformity), 
only a thin stalk exists through which vessels can pass to 
the testicle. Testicular torsion is generally thought to be 
primarily due to this anomalous anatomic variant in that 
the parietal tunica vaginalis relates to the testicle itself 
such that the testis becomes suspended freely within the 
scrotal sac and thus is more mobile within the scrotum 
than in the normal situation (Fig. 16.1).3 

This deformity is often bilateral (40%), and Scorer 
and Ferrington/ reported that there is an approximately 
80% correlation between bell-clapper deformity and tor- 
sion. Caesar and Kaplan3 found that there was a 12% in- 
cidence of bell-clapper deformity in autopsy series. As 
the incidence of torsion is much less than 12%, factors 
other than the aforementioned anatomic considerations 
must also be involved. Not all anatomic bell-clapper de- 
formities result in torsion and ischemia. Torsion also oc- 
curs when the mesorchium, which attaches the testis to 
the epididymis, is abnormally long, allowing the testis to 
twist on its own axis.5 

Forceful contraction of the cremasteric muscle may 
also result in torsion by allowing retraction and rotation 
of the testes. Sixty percent of torsions are related to 
trauma, sexual intercourse, or strenuous activity,6 al- 
though torsion may occur spontaneously without appar- 
ent cause. The severity of torsion can vary from 90 de- 
grees to up to three complete rotations (1080 degrees) 
of the vascular pedicle.” Testes most often rotate medi- 
ally or inward. 

When intravaginal torsion occurs, the twisted cord al- 
lows compression of the draining veins, the walls of 
which are thin and under low pressure. Such compres- 
sion leads to congestion and edema of the testis and 
cord, which results in increased pressures within the 
cord and size of the testicle. When intratesticular inter- 
stitial pressure overcomes arterial pressure, occlusion of 
the arteries occurs with resultant cessation of blood flow 
and eventual hemorrhagic necrosis of the testis. 


16. Testicular Torsion 
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FIGURE 16.1. Normally, the tunica vaginalis parietal lamina 
(TVPL) is associated with a large portion of the epididymis. 
With intermediate-type involvement, the TVPL is attached to a 


Clinical Presentation 


About 1 of 4000 males experience testicular torsion by 
age 25, with 85% of them presenting between the ages of 
12 and 18 years.8 Intravaginal torsion of the spermatic 
cord is rare in prepubertal boys and in men over 30 years 
of age. Testicular torsion is considered a true surgical 
emergency. In general, testicular viability is inversely re- 
lated to the duration of ischemia or torsion, and so the 
clinical decision about surgery must be made on a timely 
basis. Delay in the diagnosis of testicular torsion puts the 
patient at significant risk of testicular infarction. Fitzger- 
ald et al. showed that testicular viability can be preserved 
if detorsion occurs 6-12 hours after clinical presenta- 
tion.9 After 12 hours most torsed testicles have under- 
gone hemorrhagic infarction, and if they are not re- 
moved atrophy results.1 In many cases the clinical 
presentation is limited by the nonspecific clinical history 
and laboratory findings. The physical examination is 
limited to some degree by the difficulty of palpating the 
painful testis. The clinical presentation is that of a 
painful scrotum of an acute or chronic nature. In gen- 
eral, the differential diagnosis for a painful testicle or 
scrotum is that of testicular torsion or epididymal orchi- 
tis. As noted later in the chapter, the criteria the urolo- 
gist uses to determine whether to submit the patient to 
surgery are controversial. Patients often present with 
sudden onset of severe scrotal pain and swelling and may 
be awakened from sleep by pain. Often there is a history 
of similar episodes. On physical examination there may 
be scrotal swelling due to reactive hydroceles, skin thick- 
ening, and erythema. The affected testicle may also take 
a horizontal lie within the scrotum.10 


INTERMEDIATE 
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BELL CLAPPER 


small portion of the epididymis. With a Bell-clapper anomaly, 
the TVPL does not attach to the testes-epididymis complex. 
(Adapted from Caesar and Kaplan,3 with permission.) 


Any test that could reliably differentiate torsion of the 
testis from any other cause of a painful testis would be 
helpful. About 75-80% of cases of acute scrotal pain 
and swelling are secondary to inflammatory disease; 
hence a policy of surgically exploring every painful scro- 
tum would result in a large percentage of unnecessary 
operations. !! 

Prompt and accurate diagnosis of torsion is impera- 
tive, aS most testes remain viable if torsion is reversed 
within 4 hours.!2 Conversely, most torsions not reversed 
within 10 hours become infarcted. Therefore this time 
frame, between 4 and 10 hours, is critical if testicular via- 
bility is to be achieved. 

The degree of rotation of the testis around its vascular 
axis is important when evaluating the outcome of testicu- 
lar viability. Torsions less than 180 degrees develop little 
blood flow interruption and have a longer time before 
intervention is needed.!! The time course of a torsion of 
360-720 degrees is more acute. Physical examination of 
the scrotum usually reveals an exquisitely tender, swollen 
testicle. The epididymis may likewise be enlarged. Any 
deviation from the normal posterolateral position of the 
epididymis relative to the testicle should alert the clini- 
cian to a torsion. However, full twists of 360 or 720 de- 
grees result in a normal relation of the testicle and epi- 
didymis and thus may mislead the physician. In 48% of 
patients the white blood cell (WBC) counts are elevated, 
and 20-25% of the patients present febrile.!2 About 
20% of cases have positive urine cultures, and edema 
and erythema of the scrotum are seen in about one- 
third. For these reasons the physical findings and clini- 
cal history make differentiation of torsion and epididy- 
mal orchitis challenging. 
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Management 


Testicular torsion is an acute emergency and requires 
emergent detorsion, almost always surgically. In addition 
to the physical act of surgical detorsion, the fundamental 
anatomic predisposition (i.e., bell-clapper deformity) 
must also be corrected; otherwise, the patient remains at 
risk for retorsion. At the time of detorsion surgery, bilat- 
eral orchiopexy should be performed to prevent the pos- 
sibility of retorsion of either testicle. Although almost all 
testes can be salvaged if ischemia is present for less than 
5 hours, the salvage rate decreases to less than 20% if in- 
tervention is not undertaken within 12 hours of clinical 
onset.13 After 24 hours surgery must still be performed 
to remove the testicle and stop the pain. 

Kass et al. proposed a protocol for managing the child 
with an acute scrotum!4 (Fig. 16.2) based on a follow-up 
of 77 patients. Ten patients went to immediate surgery 
based on their history and physical examination. In the 
remaining 67 patients, color Doppler ultrasonography 
was performed. Twelve did not demonstrate testicular 
flow on color Doppler imaging, and all had torsion at 
surgery. Normal or increased flow was seen in the other 
55 patients, and none proved to have testicular torsion; 
71% of the children with an acute scrotum did not re- 
quire surgery. Routine scrotal exploration is no longer 
necessary in this setting. 

Manual detorsion has been utilized with some success 
when surgical management is not immediately 
available.15 The urologist can perform the procedure 
under color Doppler guidance but need not do so. In ei- 
ther scenario, color Doppler ultrasonography is useful 
for monitoring testicular perfusion after manual detor- 
sion has been performed. Reperfusion of the torsed tes- 
ticle can be monitored and confirmed, the results of 
which play an important role in the decision of whether 
urgent surgical intervention is needed. It does not, how- 
ever, obviate the need for future orchiopexy to prevent 
recurrence months or years later. Cannon et al. de- 
scribed a “staged” manual detorsion, whereupon consec- 
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utive 360-degree external detorsion of the spermatic 
cord was performed with ultrasonography utilized to as- 
sess vascular viability after each attempt.15 


Color Doppler Sonography 


Gray-scale sonography has been useful for the diagnosis 
of scrotal and testicular pathology because of its high, in- 
trinsic, graphical resolution. With the advent of Doppler 
sonography, ultrasonography has also provided useful in- 
formation regarding blood flow. The color-encoded 
Doppler signal can be superimposed on gray-scale im- 
ages, and the, pulsed Doppler frequency shifts can be 
displayed as a spectral waveform. 

Generally, a high frequency linear array transducer is 
utilized. A 7.5 MHz transducer is considered ideal, as it 
allows for optimal Doppler sensitivity without compro- 
mising tissue penetration. Color gain, and therefore sen- 
sitivity, should be adjusted and maximized without com- 
promising background noise. The color Doppler 
ultrasound (CDU) unit should be set to be sensitive to 
velocities of 7 cm/s or less. 16 

Knowledge of the arterial vascular anatomy of the testi- 
cle is imperative for the performance and interpretation 
of CDU. The testicular artery can be routinely visualized 
at the posteromedial surface of the testis. Only a few of 
the centripetal arteries can be seen in the normal testis. 
Normal peak systolic velocities as recorded by pulsed 
Doppler sonography vary between 7 and 17 cm/s, and 
the end-diastolic velocities are between 3 and 8 cm/s. 
The corresponding resistivity indices range from 0.44 to 
0.64 (mean of 0.55).16 

Normally, the capsular and centripetal arteries are visi- 
ble in all adult testes. Typically, no arterial flow is demon- 
strable in the mediastinal regions of the testis, however. 
The neonatal population is difficult to evaluate with ul- 
trasonography, as their testicular branching arteries are 
less apparent or even absent in the normal testis. Venous 
flow is generally not detected within the scrotum. 
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FIGURE 16.2. Protocol for the management of a 
child with an acute scrotum. 
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FIGURE 16.3. Viable testicular torsion in a 17-year-old boy with 
intermittent right scrotal pain. This gray-scale sagittal sono- 
gram through the right testicle shows normal homogeneous 
echogenicity. A large supratesticular hypoechoic mass (M) rep- 
resents a swollen epididymis and spermatic cord. Torsion was 
confirmed at surgery, and the testicle was salvaged. 


High-resolution gray-scale ultrasonography has limited 
value in the diagnosis of torsion because the morpho- 
logic appearance of torsion is nonspecific. Introduction 
of CDU has resulted in shorter examination times; it also 
provides superior images of the testes and important in- 
formation relative to their morphologic appearance and 
perfusion intrinsic to the scrotum and testes. It also bene- 
fits from the fact that it is a noninvasive nonionizing test. 

The gray-scale ultrasound findings of acute torsion in- 
clude testicular enlargement, diffusely hypoechoic or het- 
erogeneous echo texture within the testes, and occasionally 
an associated reactive hydrocele or enlargement of the epi- 
didymis (Fig. 16.3). These findings are not considered reli- 
able. One can also appreciate skin thickening and epididy- 
mal and extratesticular hemorrhage when present. 
Unfortunately, all of these findings are considered nonspe- 
cific and make it difficult to differentiate torsion from epi- 
didymoorchitis. During the subacute stage, infarction of 
the testicle can result in a small heterogeneous testicle. 
Echogenic areas within the infarcted testicle may represent 
hemorrhagic necrosis, which carries a poor prognosis (Figs. 
16.4, 16.5). A rare situation exists when a focal hypoechoic 
nodule or mass is seen within the testicle representing a fo- 
cal infarct. At gray-scale ultrasound examination the ap- 
pearance is confusing, and CDU is often required to sug- 
gest this diagnosis (Fig. 16.6; see color insert). 
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FIGURE 16.4. Subacute testicular torsion in a 28-year-old man 
who had had right testicular pain for 3 days. Gray-scale ultra- 
sonography confirms a diffusely enlarged right testicle with a 
heterogeneous but predominantly hypoechoic pattern. How- 
ever, irregular focal areas of increased echogenicity are also 
seen, suggesting internal hemorrhage, which was confirmed at 
surgery. There was no flow seen with color Doppler sonogra- 
phy (not shown). 


The gray-scale ultrasound appearance can yield very im- 
portant information, once the diagnosis of torsion has 
been made by CDU.16a Middleton has shown with a high 
degree of confidence that the affected testicle’s echo- 
genicity can predict whether the testicle will be viable at 
surgery. All avascular testicles which had normal echo- 
genialy were viable at surgery. All testicles that were hypo- 
echoic or inhomogenious were non-viable at surgery. 

The most common finding by CDU is complete ab- 
sence of any detectable blood flow within the painful 
testis.17 The real-time impression of decreased or absent 
flow may be difficult to appreciate owing to the inherent 
variability between ultrasound machines with respect to 
their sensitivity for detecting blood flow and the variable 
setting of gain controls. This problem can usually be re- 
solved by scanning both testicles, side by side, and using 
the contralateral, asymptomatic testis as the control (Fig. 
16.7; see color insert). It is useful and valuable to display 
and compare both testes with respect to their relative 
color flow. Occasionally, a few small vessels are seen on the 
torsed side, but there should be a clear difference in the 
vascularity of the normal and abnormal testis (Fig. 16.8; 
see color insert). If there is differential vascularity between 
the two testes in the presence of a painful testicle, the hy- 
povascular testis should correspond to the painful testicle 
in the case of torsion, whereas the hypovascular testis 
should correspond to the nonpainful testicle in the set- 
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A 


FIGURE 16.5. Missed torsion with infarction in a 15-year-old boy 
who had had left scrotal pain for 3 days. (A) Normal homoge- 
neous echogenicity is seen within the right testicle, and normal 
flow was confirmed by real-time studies (not shown). (B) Sono- 


TABLE 16.1. Color Doppler ultrasound findings of the painful 
testes. 


Diagnosis Intratesticular flow Peritesticular flow 
Acute torsion Absent Normal 

Missed torsion Absent Increased 
Spontaneous detorsion Normal or increased Increased 
Orchitis Increased Normal 
Epididymitis Normal Increased 


TABLE 16.2. Progression of torsion over time. 
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B 


gram of left testicle shows it to be decreased in size, heteroge- 
neous in echo texture, but mostly hypoechoic compared to the 
right testicle. Scrotal wall thickening can also be seen. No flow 
was appreciated at CDU. 


ting of orchitis. Therefore CDU findings can help differ- 
entiate acute torsion from epididymoorchitis, a missed 
torsion, or spontaneous detorsion, as Table 16.1 summa- 
rizes. As time progresses in the setting of torsion (Table 
16.2), the testes may become hypoechoic on gray-scale 
imaging, and the peritesticular tissues develop hyperemia 
(Fig. 16.9; see color insert) .17 Power Doppler sonography 
offers the potential for increased conspicuity in the depic- 
tion of differential flow between the testicles in the setting 
of acute scrotal pain (Fig. 16.10). 

One potential limitation of CDU is in the clinical set- 
ting of spontaneous detorsion when blood flow may be 
found to the normal, or even increased, secondary to re- 
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FIGURE 16.10. Testicular torsion seen with power Doppler ultra- 
sonography in a 72-year-old man who presented with left scro- 
tal pain and left herniorrhaphy. (A) Sonogram of the left testi- 
cle, which is small and heterogeneous in echotexture with 
overall diminished echogenicity. (B) See color insert. 


bound hyperemia. In this clinical setting with increased 
blood flow, CDU suggests an inflammatory process involv- 
ing the testis. CDU also suffers from user dependency; 
and, as with all ultrasound studies, good technique, expe- 
rience, and familiarity with the Doppler signal is impera- 
tive. Unfortunately, torsion, when it occurs, is neither im- 
mediate nor complete. As such, blood flow gradually 
decreases as edema and swelling develop. The CDU find- 
ings therefore change as the physiologic factors within the 
testis evolve secondary to the torsion process. 

Most urologists agree that when there is a high degree 
of suspicion based on the physical examination and his- 
tory surgical exploration is warranted. When the diagno- 
sis is equivocal, however, CDU should be strongly consid- 
ered. If blood flow is demonstrated, the patient can be 
closely observed. If no flow can be determined, scrotal 
exploration is performed. 

As with almost any diagnostic study, Doppler ultra- 
sonography is not infallible, and pitfalls have been de- 
scribed in the literature. Steinhardt et al. presented two 
pediatric cases that were missed by CDU.?2 In one of their 
cases, decreased flow was observed but was not thought 
to be significant enough to be diagnostic of torsion. De- 
creased flow can be seen in a partial torsion or in an in- 
termittent torsion if the scan was performed between the 
torsion episodes. Blood flow may actually increase owing 
to reactive hyperemia following a spontaneous detor- 
sion. Other potential pitfalls occur in the pediatric popu- 
lation because of their smaller, less discernible testicular 
vessels and in patients with a solitary testicle. Steinhardt 
et al. believed that the practicing urologist should rely 
primarily on the physical examination as the best guide 
to determining the need for surgery. In this scenario, 
CDU is best used to confirm a clinical impression that 
torsion is not present. 

Mevorach et al. performed rather elegant studies 
showing the relation of clinical testicular torsion with the 
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degree and duration of torsion in the canine model.!8 
They demonstrated that the absence of vascular perfu- 
sion on CDU can occur as early as 1 hour after a torsion 
of 360 degrees or more. Diminished, yet detectable, 
blood flow was seen in torsions of 180 degrees or less at 1 
hour. After 4 hours, both high-grade and low-grade tor- 
sions show complete absence of flow. They also pre- 
sented data suggesting that the first change noted on 
sonography is enhancement of the diastolic component 
of the spectral waveform; hence analysis of the waveform 
may allow better sensitivity for detecting early or incom- 
plete torsion. This aspect of CDU has not been clinically 
evaluated. 

Burks et al. used CDU to investigate 32 patients with a 
painful scrotum.16 They found that CDU detected six of 
seven cases with torsion, with an overall sensitivity of 
86%; it was 100% specific (no false positives) with an 
overall accuracy of 97%. These results are similar to 
those from other studies!2,19,20 and attest to the diagnos- 
tic reliability of CDU. Wilbert et al. undertook a prospec- 
tive study to determine the efficacy of CDU.2! Their re- 
sults indicate 100% specificity and 82% sensitivity. Both 
false-negative tests demonstrated decreased (but not ab- 
sent) testicular flow. One patient had only a 180-degree 
twist, which was insufficient to produce complete arter- 
ial obstruction. The other patient was scanned less than 
3 hours after clinical presentation. Patients with de- 
creased flow should probably therefore be considered as 
having early torsion and undergo immediate surgery. 

Coley2!a investigated the sensitivity of CDU, unen- 
hanced and contrast-enhanced power Doppler and ra- 
dionuclide imaging in low-torsion states (360°) in rab- 
bits. Detection of intratesticular flow within the torsed 
testicle was equal (85% sensitivity) between US and ra- 
dionuclide imaging. However, US was able to correctly 
diagnose a torsion in 60% vs 25% for radionuclide imag- 
ing. Power Doppler resulted in no greater increase in di- 
agnostic accuracy than CDU. 

Maroto et al. described finding a “torsion knot” with 
ultrasonography that corresponds with the magnetic res- 
onance imaging (MRI) findings (presented later in the 
chapter). A supratesticular mass is seen in this setting, 
with a central echogenic focus representing a twist in the 
spermatic cord (Figs. 16.11, 16.12). The mass may also 
demonstrate concentric layers, again representing the 
cord twist.22 

Color Doppler ultrasonography has been utilized in 
the evaluation of prepubertal testes with varying re- 
sults.5.23,24 At puberty there is a five- to sixfold increase in 
testicular size, which may contribute to the age peak 
(13-17 years) of testicular torsion. The diagnosis of tor- 
sion in adolescents is not dissimilar to that in adults, and 
the specificity and sensitivity for CDU and nuclear 
scintigraphy correspond to that in the adult population. 
There is a concern, however, about reliable evaluation of 
the prepubertal child. Atkinson’s group was able to de- 
tect flow within the central arteries in only 6 of 13 testes 
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FIGURE 16.11. Torsion with a testicular knot in a 17-year-old boy 
with a history of trauma and acute right testicular pain. The 
longitudinal sonogram shows a slightly enlarged, mildly hetero- 
geneous gonad with a moderate hydrocele. Testicular flow was 
markedly decreased in this testicle. A mass can be seen supe- 
rior to the testicle that represents a torsion knot. 
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FIGURE 16.12. Testicular torsion with a “twisted stalk” in a 21- 
year-old man with acute onset of right testicular pain. (A) Gray- 
scale sonogram shows a mildly heterogeneous right testicle. No 
intrinsic flow could be confirmed with color imaging. 
(B) Transverse sonogram obtained at a level superior to the 
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smaller than 1 cm3. They did not therefore advocate ex- 
clusive use of CDU for evaluation of testicular perfusion 
in prepubertal boys. Their results were based on use of a 
5 MHz transducer, and other series utilizing 7 MHz 
transducers have achieved greater success.5.24 Patriquin 
et al. have reported the largest series (65 patients) for 
whom CDU was used to evaluate infants and children.5 
CDU was successful in 91% with a sensitivity of 89% and 
specificity of 100%. In this series, pulsed Doppler sonog- 
raphy with mechanical sector scanners was more sensi- 
tive than CDU. When no flow could be detected within 
the symptomatic or the normal testicle, the examination 
was considered a failure, which occurred in 9% of this 
pediatric population. Most of these failures were thought 
to be secondary to faulty technical settings, and only 3% 
of the overall failures were due to true insufficient sensi- 
tivity; all of the latter involved infants. 


Nuclear Scanning 


Scintigraphy and ultrasonography have been the two 
imaging modalities most frequently used to evaluate the 
acute scrotum. Nuclear scintigraphy provides valuable 
information about perfusion to the testes and epi- 
didymis, but it provides limited anatomic detail of the 
scrotal contents. Gray-scale ultrasonography, on the 
other hand, allows excellent anatomic display of the 
scrotal contents but lacks the ability to assess the vascular 
supply to the scrotum. Unfortunately, depiction of the 
anatomy is often nonspecific when attempting to differ- 
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right testicle. A heterogeneous bilobed mass is seen (arrows), 
which at surgery was confirmed to represent an edematous 
“twisted stalk.” A moderate-size hydrocele is also seen. (C) See 
color insert. 
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FIGURE 6.18. Transverse sonogram of the right testicle ob- 
tained following direct trauma demonstrates sharply de- 
fined hypoechoic area secondary to hematoma with intact 
tunica albuginea. 


FIGURE 7.1. Bladder cancer. Superficial papillary lesions with 
little malignant potential. 


FIGURE 8.9(C). Patient with invasive TCC of entire bladder 
wall, with nodal and bone marrow metastases. Time image. 
The time of enhancement in relation to the onset of arterial 
enhancement is color-coded. The beginning of arterial en- 
hancement is white; every color represents 1.16 second. Early 
enhancement of the tumor, nodes, and bone marrow is visible. 


FIGURE 7.2. Bladder cancer. Invasive tumor that has metasta- 
sized at diagnosis. 


FIGURE 8.15(B). Patient with invasive TCC (stage T3a) and bi- 
lateral lymph node metastases. Turbo-FLASH time image 
shows early enhancement of both enlarged (large arrow) and 
normal size nodes (small arrows). Each color represents 1.16 
second. Histology revealed metastatic nodes on both sides. 
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FIGURE 8.17 (A-D). Patient with invasive TCC (stage T3b) and 
enlarged metastatic nodes (same patient as in Figures 8.11 and 
8.16). Coronal time images at four levels (10 mm section thick- 


ness) show early-enhancing nodes (arrows), enhancing as early 
as bladder tumor (T). Each color represents 1.5 second. 
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FIGURE 8.18. Patient with invasive TCC (stage T4a) and nodal 
metastases before, during, and after chemotherapy. (A) Pre- 
therapeutic time image shows early tumor (thick arrows) and 
early nodal enhancement (small arrows). (B) After two chemo- 
therapeutic treatments the time image shows a decrease and 
later nodal enhancement (arrows) and no tumor enhance- 
ment. (C) No enhancement of tumor and node is visible after 
six treatments. Surgery confirmed the absence of tumor and 
nodal metastases. Each color represents 1.16 second. 


FIGURE 12.12. Power Doppler demonstration of 
vessels about the internal sphincter, the IES, and 


the subcapsular space. The dorsal venous plexus 
(arrow) is also seen. 


FIGURE 12.23. This left lobe hypoechoic can- 
cer is hypervascular when viewed with color 
Doppler sonography. 
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FIGURE 12.24. This patient presented because of an abnormally elevated PSA level. Color Doppler sonography showed increased 
flow in the right transition zone, which on octant biopsy was the only area positive for cancer. 
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FIGURE 15.3. Normal testis. (B) This scan corresponds to an intratesticular artery seen on a color and duplex Doppler sonogram. 
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FIGURE 15.6. Normal arterial supply to the testis. (B) Capsular artery (arrowheads) is seen coursing along the margin of the testis. 
(C) Capsular artery has low impedance flow pattern. 


FIGURE 15.9. Acute epididymitis with 
hyperemia. (B) Color Doppler sono- 
graphy shows an increase in the 
number and concentration of blood 
vessels with the inflamed epididymis. 
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FIGURE 15.10. Acute epididymitis with mild orchitis. (B) Sagit- color Doppler sonogram shows normal vascularity of the 
tal color Doppler sonogram shows increased vascularity of the asymptomatic left testis. 
symptomatic right testis, suggestive of orchitis. (C) Sagittal 


FIGURE 16.6. Focal testicular infarct in a 51-year- 
old man who presented with a “mass” in the left 
testicle. CDU shows a 1.0 X 1.4 cm focal hypo- 
echoic nodule (arrows) within the left testicle. 
There is no evidence of sympathetic effusion or 
scrotal wall thickening. No color flow could be 
seen within the nodule, yet normal flow was con- 
firmed elsewhere in the rest of the left testicle 
and in the contralateral right testicle. A focal in- 
farct was confirmed at surgery. 


FIGURE 16.7. Testicular torsion seen by CDU in an adult man. Note the normal-size homogeneous but mildly hypoechoic right tes- 
ticle with no color flow. Normal flow and echogenicity is confirmed within the left testicle. 


FIGURE 16.8. Testicular torsion 
seen with CDU in a 17-year-old 
boy with scrotal pain. CDU of the 
right testicle shows normal 
echogenicity and good perfusion. 
The left testicle is seen to be 
mildly enlarged and hypoechoic 
without focal abnormality. The 
left testicle has significantly de- 
creased flow, although it is not 
completely absent (arrow). Tor- 
sion was confirmed at surgery. 
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FIGURE 16.9. Testicular torsion with increased peritesticular testicle but dramatically increased flow within the peritesticular 
flow in an adolescent boy with a 2-day history of right testicular soft tissues. (B) Left testicular sonogram confirms normal 
pain. (A) Right testicular CDU documents no flow within the intra- and extratesticular flow. 


FIGURE 16.10. Testicular torsion seen with power Doppler ultra- the left testicle demonstrates no discernible flow; the right tes- 
sonography in a 72-year-old man who presented with left scro- ticle shows excellent vascularity. 
tal pain and left herniorrhaphy. (B) Power Doppler study of 


FIGURE 16.12. Testicular torsion with a “twisted stalk” 
in a 2]-year-old man with acute onset of right testicu- 
lar pain. (C) Intraoperative photograph showing a 
dusky ischemic testicle (black arrow) and a severely is- 
chemic spermatic cord with a twisted stalk (white ar- 
row). 


FIGURE 16.15. Neonatal torsion in a newborn 
with a swollen, discolored right testicle. (B) 
Color flow imaging demonstrates only limited 
flow at the periphery of the testicle. Normal 
color flow was seen within the normal left testi- 
cle. 


FIGURE 16.16. Neonatal torsion in a 4-day-old in- 
fant with an enlarged, firm mass in the left 
hemiscrotum. (B) CDU shows normal flow 
within the right testicle (RT) and no flow on the 
left (LT). 


FIGURE 16.17. Neonatal torsion in a 33-day-old infant with a dis- left testicle (arrow) with a small associated hydrocele. The right 


colored right hemiscrotum at birth. (A) Transverse color testicle is enlarged and hypoechoic, and no flow was detected. 
Doppler ultrasound scan demonstrates normal flow within the 
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FIGURE 16.18. Normal testicular appendage. Sonogram demonstrates a small echogenic structure (arrow) abutting a normal testi- 
cle (T). Normal flow is seen in both the appendage and the testicle. 


FIGURE 18.1. Seminoma in a 37-year-old man who presented mass (M) with increased vascularity relative to that of the sur- 
with a 3-month history of painless swelling of the right testicle. rounding normal testicle. Histologic examination revealed a 
Color Doppler sonogram demonstrates a well circumscribed spermatocytic seminoma. 


FIGURE 18.20. Malignant lymphoma in a 69-year-old man who pre- 
sented with a right testicular mass. (B) Color Doppler image 
demonstrates diffuse lobulated hypoechoic areas with multiple 
bright echoes and markedly increased flow. Orchiectomy con- 
firmed the presence of a malignant large cell lymphoma with dif- 
fuse infiltration of large cell lymphocytes. 


FIGURE 18.21. Acute lymphoblastic leukemia (ALL). A 21- 
year-old man with ALL diagnosed at age 6 years, currently in 
remission, presented with acute painful swelling of the right 
testicle. Transverse color Doppler image of the right testicle 
demonstrates a focal hypoechoic mass with increased flow 
(arrows). ALL was confirmed at surgery. 
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FIGURE 18.22. Metastases. A 75-year-old man with a history of mass with increased vascularity. Excisional biopsy confirmed 


renal cell carcinoma presented with a right groin mass. (B) 
Color Doppler sonogram demonstrates a large heterogeneous 


metastases from a renal cell carcinoma. 
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FIGURE 25.6. Color flow Doppler (CFD) scrotal ultrasonography demonstrating a left varicocele. (A) At rest. (B) With Valsalva 
(LT VS = left Valsalva). Note change in color demonstrating reversal of flow during Valsalva (arrows). 
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FIGURE 25.7. Color flow Doppler (CFD) ultrasonography demonstrating nonpalpable, subclinical varicocele before and after Val- 
salva maneuver. 


FIGURE 25.22. (C) Cystoscopic view of the intraurethral portion of 
the mullerian cyst. 
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FIGURE 26.2. (A) Apparent unicornuate nature of a uterus with 
a septum. The cannula has been introduced into the right side 
of the septum. (B) Appearance of the cavity when the cannula 
is introduced into the left side of the septum. (C) Hysteroscopic 
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appearance of the intrauterine septum. (D) Appearance of the 


top of the fundus after removal of the septum. The white area 
is the base of the septum. 


16. Testicular Torsion 


entiate torsion from inflammatory, trauma-related, or 
neoplastic processes. 

The sensitivity of scintigraphy in diagnosing torsion 
has been reported to be as high as 80-100%, with an ac- 
curacy of up to 95%.12,16,25,26 These data are comparable 
to those from other studies utilizing CDU. 

The “doughnut” sign is suggestive, but not diagnostic, 
of an infarcted testicle, as severe epididymitis, an abscess, 
or hydrocele may also give this appearance (Fig. 16.13). 
Scintigraphy can differentiate these entities based on 
whether the increased flow is related to the dartos only 
(delayed torsion) or the pudendal and cord vessels, as is 
the case with the other conditions.27 In the situation 
when scintigraphy is unclear, ultrasonography is often 
helpful. 

It is critical to have the clinical history available at the 
time of scintigraphy; and it is particularly important to 
know the side that is symptomatic and the time course of 
the pain. Interpretation of the scintigraphic findings de- 
pends on the relative perfusion of each hemiscrotum, 


FIGURE 16.13. Nuclear blood flow imaging of testicular torsion. 
(A) Static scan, anterior view of the pelvis. Normal symmetric 
uptake is seen within both testicles (arrows). (B) Anterior pro- 
jection of the pelvis, flow image, in a patient with left acute tes- 
ticular torsion. Flow to the right testicle is normal (black ar- 
row). Decreased flow is seen within the left testicle (open 
arrow). Large arrowhead corresponds to the non-“opacified” 
bladder. Small arrowhead represents background tracer up- 
take in a nonshielded area. (C) Anterior projection static scan 
of the pelvis in a patient with missed torsion. The signal void in 
the testicle (arrow) represents a “doughnut” sign. Note the 
abundant flow surrounding the torsed testicle. 
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and its appearance reflects the duration and stage of the 
disease process. The sensitivity and specificity of scintig- 
raphy is higher than 90% when performed within 4 
hours of the onset of symptoms.25 The examination be- 
comes less accurate later in the disease process. 

No characteristic finding is present on scintigraphy for 
torsion of the appendages. Most demonstrate normal 
flow, although some cases yield either increased or de- 
creased flow. The focal areas of decreased flow sec- 
ondary to torsion of the testicular appendages are small, 
and the otherwise normal flow within the testis obscures 
any focal area of decreased flow within the appendage. 


Magnetic Resonance Imaging 
of the Scrotum with Torsion 


Magnetic resonance imaging has been utilized in the 
evaluation of the painful scrotum. As with ultrasonogra- 
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phy, it allows multiplanar imaging, is capable of accu- - 


rately displaying blood flow, and is nonionizing. Its ad- 
vantage, relative to ultrasonography, is that it yields a 
wider field of view and provides greater intrinsic tissue 
contrast. However, unless it can provide increased sensi- 
tivity and specificity, its utility is low because of its ex- 
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pense, relative lack of availability, and time-consuming 
nature. 

For MRI, the patient is generally positioned supine 
with the scrotum elevated and supported with a towel or 
triangular wedge. A surface coil is centered over the scro- 
tum. Sagittal Tl- and coronal T2-weighted sequences are 


FIGURE 16.14. MRI scan of testicular torsion with a torsion 


knot. (A) Proton density-weighted coronal image obtained 
2 days after onset of torsion demonstrates a thickened sper- 
matic cord without hypervascularity (long arrow). A mass of 
low signal intensity can be seen at the superior aspect of the 
left hemiscrotum (short arrow) that represents the torsion 
knot. (B) T2-weighted coronal image obtained 7 days after 
clinical torsion shows a swollen spermatic cord with high 
signal intensity (large arrow). The region of the torsion 
knot (better seen at another level) was at the point where 
the spermatic cord structures are tethered together (arrow- 
heads) at the superior aspect of the right hemiscrotum. 
Small arrows represent the convergence of tissue planes. 
(C) T2-weighted axial image in another patient 21 days af- 
ter torsion shows a “whirlpool” pattern (arrow). (C: From 
Trambert et al.,30 with permission.) 
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obtained and are diagnostic in most cases.28,29 Axial imag- 
ing can be done if necessary. The tunica albuginea is 
characterized by a ring of dark signal surrounding the 
testes. The tunica vaginalis in the normal situation does 
not invest the entire testicle. The bare area is most easily 
seen when a sizable hydrocele is present. The normal 
testis yields a homogeneous signal intensity slightly 
brighter than water but darker than fat on Tl-weighted 
images. On T2-weighted images the testis becomes equal 
to or is slightly darker than water, but it is brighter than 
fat. The epididymis is generally inhomogeneous and 
slightly less intense relative to that of the testes on both 
proton density and T2-weighted sequences.28 The sper- 
matic cord can be seen in virtually all patients and may be 
tortuous in its course because of the cremasteric reflex. 

The appearance of torsion on MRI imaging is charac- 
terized by absent or decreased vascularity within the 
spermatic cord on the affected side. Because normal 
flow is not usually seen in the testes, differential flow be- 
tween the two testes is not helpful on MRI. A “twisted 
stalk” or whirlpool appearance of the spermatic cord is 
considered characteristic.of torsion (Fig. 16.14).30 The 
“twisted stalk” is of low signal at the point of the twist or 
knot. Several curvilinear lines (resembling a whirlpool) 
radiate from the torsion knot, representing the spiraling 
fascial planes. To best demonstrate this pattern it is nec- 
essary to image the spermatic cord perpendicular to its 
axis. Anatomically, the epididymis is seen to be thick- 
ened, with areas of swelling and hemorrhage. During the 
subacute phase, the testis becomes smaller, has de- 
creased signal, and is inhomogeneous on T2-weighted 
images. 

Trambert et al. used the torsion knot and whirlpool 
pattern along with evaluation of spermatic cord vascular- 
ity to differentiate torsion from epididymitis prospec- 
tively.30 They reported 100% accuracy in their evaluation 
of 11 cases. The ability of MRI to evaluate the spermatic 
cord’s vascularity suggests high reliability in the diagno- 
sis of suspected torsion. The spermatic cord itself was en- 
larged and edematous in the presence of both torsion 
and epididymoorchitis. If a hydrocele was present, MRI 
could be used to demonstrate the bare area of the testis, 
which when normal virtually excluded the bell-clapper 
deformity and therefore effectively ruled out torsion. 
Unfortunately, only one of their six cases contained 
enough fluid around the testis to make this finding use- 
ful. All patients with torsion demonstrated decreased tes- 
ticular size and thickening of the tunica albuginea. Ab- 
normal epididymal position was seen in three of six 
cases. 

The low cost and high accuracy of ultrasonography 
should relegate MRI to a minor role in the evaluation of 
torsion. It can be used as a supplemental technique 
when ultrasound findings are equivocal or inconsistent 
with the clinical history. 
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Intrauterine Spermatic Cord 
Torsion of the Newborn 


Neonatal spermatic cord torsion, an enlarged, firm, 
nontransilluminating scrotal mass, was described first in 
1897.31 It is a distinct clinical entity, separate from that of 
spermatic cord torsion, which is seen in children and 
young adults. Extravaginal torsion, involving both the 
testis and tunica vaginalis, occurs as a result of the loose 
attachments of the tunica to the scrotum. After birth 
scrotal attachments develop rapidly, making extravaginal 
torsion rare beyond the newborn period.32 Extravaginal 
torsion usually occurs in utero such that most neonates 
present with subacute or chronic torsion and hemor- 
rhagic infarction. Many urologists believe that prenatal 
(in utero) and postnatal torsion are separate clinical en- 
tities.33,34 Prenatal torsion is characterized by a lack of 
signs and symptoms, whereas postnatal torsion is her- 
alded by tenderness and swelling. Prenatal torsion is al- 
most exclusively extravaginal, and postnatal extravaginal 
torsion is rare. Prenatal torsion accounts for 72% of peri- 
natal torsions. 

In the newborn with postnatal torsion, the scrotum is 
usually enlarged and edematous, and the overlying scro- 
tal skin is discolored. An enlarged, firm nontransillumi- 
nating testicular mass is found incidentally at physical ex- 
amination. Torsion often results in hemorrhagic 
infarction and necrosis of the testis. Clinically, the differ- 
ential diagnosis is that of neoplastic disease, strangula- 
tion of an inguinal hernia, epididymoorchitis, meco- 
nium deposits, hydrocele, and scrotal hematoma 
secondary to birth trauma. Ultrasonography is useful for 
narrowing the differential diagnosis. Hydroceles and 
scrotal hematomas are associated with a normal-appear- 
ing testicle. With testicular neoplasia and torsion, the tes- 
ticle appears inhomogeneous and cannot be differenti- 
ated. 

Brown et al. described the ultrasound findings from 
five neonates that included an enlarged and globular 
testis, hydrocele, and skin thickening.32 In four of these 
cases the testicular parenchyma was heterogeneous (Fig. 
16.15), whereas in the fifth case the testis was found to 
be diffusely hyperechoic. In two of the cases duplex 
Doppler ultrasonography was employed, but neither 
case demonstrated flow in either the abnormal or the 
contralateral hemiscrotum, probably due to the small 
size of the spermatic cord. CDU was not performed. Nu- 
clear scintigraphy was positive for torsion in two of the 
five cases reported and equivocal in the other three. 
Zerin et al. described three cases of neonatal testicular 
torsion (two of which were bilateral) .35 In all three cases 
five testes were inhomogeneously hypoechoic, and each 
was surrounded by a brightly echogenic rim. These find- 
ings suggest the diagnosis of infarction. 
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FIGURE 16.15. Neonatal torsion in a newborn with a swollen, 
discolored right testicle. (A) Ultrasonography of the right testi- 
cle shows an enlarged heterogeneous structure with both ane- 
choic and solid components. A moderate-size hydrocele is seen 
surrounding a thickened tunica albuginea (arrows). (B) See 
color insert. 


Cartright et al. utilized CDU in 10 cases of antenatal 
torsion.36 In each case there was a lack of intratesticular 
blood flow on the affected side and normal flow in the 
contralateral normal testicle (Figs. 16.16, 16.17). These 
authors stressed the technical difficulty of assessing 
neonatal testicles and the importance of optimizing 
CDU settings to detect low flow and to be certain that in- 
tratesticular flow is differentiated from extratesticular 
vessels. They further subcategorized antenatal torsions 
into late (shortly before birth) and early. Late gestation 
torsions are more likely to be acutely inflamed and en- 
larged. Gray-scale ultrasonography demonstrated mixed 
echogenicity and minimal dystrophic calcification, 
which presumably relate to early necrotic changes. 
Earlier gestation torsions demonstrate only equivocal 
symptomatology and have undergone more extensive 
necrotic change with parenchymal liquefaction. They 
demonstrate a more confluent hypoechoic pattern and a 
hyperechoic ring corresponding to the tunica albuginea 
of the testis. Dystrophic calcifications should be more 
prevalent (due to chronicity) and are seen to preferen- 
tially involve the tunica albuginea. 

Intrauterine torsion is not thought to be secondary to 
an anatomic anomaly as in the case of children and 
adults. More likely, it is due to the laxity of the tissues in 
the fetus or newborn.37 Torsion in utero may be the 
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FIGURE 16.16. Neonatal torsion in a 4-day old infant with an en- 
larged, firm mass in the left hemiscrotum. (A) Transverse ul- 
trasound scan shows both testicles. The right testicle (RT) is 
normal with a small hydrocele. The left testicle (LT) is 
enlarged, heterogeneous, and predominantly hypoechoic. (B) 
See color insert. 


FIGURE 16.17. Neonatal torsion in a 33-day-old infant with a 
discolored right hemiscrotum a birth. (A) See color insert. 
(B) Sonogram of the right testicle better demonstrates the 
hypoechoic right testicle with an echogenic rim. 
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cause of congenital anorchia. Although some urologists 
believe that early recognition and prompt surgical explo- 
ration and detorsion can result in the preservation of 
some testicular tissue, most think that surgical salvage of 
the testis is rare.38 Despite this belief, most advocate 
surgery as soon as possible after diagnosis. Brandt et al. 
found no viable testicles in a review of 25 cases of prena- 
tal testicular torsion.33 They believe that this clinical en- 
tity represents an irreversible intrauterine event best 
treated on an elective basis. Contralateral orchiopexy is 
recommended because of a propensity for bilaterality. By 
avoiding undue delays, surgical intervention minimizes 
any controversy involving the possible immunologic ef- 
fects of torsion on the contralateral testicle. In contradis- 
tinction, postnatal torsion should be treated as a surgical 
emergency. 


Torsion of the Appendix 
and Epididymis 


The testicular appendages represent embryologic rem- 
nants of the mesonephric and miullerian ducts: the ap- 
pendix testis (paramesonephric), appendix epididymis 
(mesonephric), and appendix paradidymis (vas and 
cord). These appendages are frequently present in nor- 
mal individuals. The appendix testes is seen with a fre- 
quency of 92% (bilateral in 69%). The appendix epi- 
didymis is seen in 25% of the normal population.39 
Three cases of torsion of a spermatocele have been re- 
ported in the literature.40 

The clinical presentations of torsion of the appendix 
and epididymis are similar and in fact overlap with that 
of testicular torsion. The classic clinical presentation of 
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FIGURE 16.19. Torsion of testicular appendage. (A) A 14-year- 
old boy had had pain 10 days prior to ultrasonography. This 
transverse sonogram of the right hemiscrotum shows an 
echogenic mass (m) lateral to a normal right testicle (t). 
(B) An 11-year-old boy had a 3-day history of left testicular 
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torsion of the testicular appendages is that of an exquis- 
itely tender, firm, mobile pea-size nodule in the upper 
scrotum, not unlike that of epididymitis.41 The condition 
is self-limiting, and symptoms usually subside within a 
week.42 The presence of a blue dot in the region of the 
upper pole of the testis, just under the scrotal skin, is 
considered pathognomonic.43 To complicate matters, 
scrotal edema and reactive hydroceles may cloud the 
physical examination. Most cases of torsion of the appen- 
dix testis occur in young boys. In fact, torsion of the ap- 
pendix testes has a higher incidence than testicular tor- 
sion in boys under 13 years of age.44 

Anderson and Giacomantonio reviewed 113 consecu- 
tive cases of acute scrotal pain in children.45 They noted 
that 45% of them were the result of testicular torsion, 
35% were related to torsion of the appendix testis, 15% 
were related to acute appendicitis, 3% were due to idio- 
pathic scrotal edema, and 2% were normal. Therefore 
torsion of the appendages is an important clinical entity 
in the pediatric population. Hesser et al. found that 78% 
of their patients who presented with acute testicular pain 
had appendicular torsion.* 

The sonographic appearance of the normal appendix 
testes (Fig. 16.18; see color insert) is complicated by the 
fact that it is often isoechoic with the head of the epi- 
didymis and therefore is frequently not seen as a separate 
discrete structure, except when surrounded by a hydro- 
cele. Lerner et al. described one case of torsion of the tes- 
ticular appendix as a hypoechoic mass adjacent to the tes- 
ticle, and on CDU it was surrounded by increased flow.46 
Most reports describe these masses as exhibiting high or 
mixed echogenicity. Cohen et al. reported three cases 
seen by ultrasonography as masses superior to the testicle 
with associated hydroceles (Fig. 16.19) .41 The masses were 
hypoechoic centrally with a variable peripheral echogenic 
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pain. This sagittal sonogram of the left hemiscrotum shows a 
normal testicle (t) surrounded by a small hydrocele. A mass 
(arrows), representing the torsed appendage, is seen superior 
to the testicle; it has a hypoechoic center and a well defined 
echogenic rim. (From Cohen et al.,41 with permission.) 
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rim. The pattern of echogenicity did not correlate well 
with the duration of clinical presentation. Two of their 
cases were evaluated by CDU, with one showing no in- 
crease in flow and the other demonstrating peripheral 
increased flow surrounding the appendage. The utility 
of CDU in this setting is based on its ability to document 
normal intratesticular perfusion and thus to exclude tes- 
ticular torsion. 

Hesser et al. reviewed ultrasound findings in 54 boys 
with suspected torsion of the testicular appendage.43 
The criteria used for the diagnosis of appendicular tor- 
sion was that of an echogenic extratesticular structure 
positioned between the epididymal head and the upper 
pole of the testis. They reported a sensitivity of 88% and 
specificity of 75%; the positive predictive value (PPV) 
was 93% and the negative predictive value (NPV) 64%. 
The clinical preoperative diagnosis had a sensitivity of 
83%, a specificity of 46%, a PPV of 83%, and an NPV of 
46%. The masses themselves were found to vary between 
3 and 17 mm and displayed high or mixed echogenicity. 
A reactive hydrocele was present in 81% of the patients 
with appendicular torsion. Forty-five percent of these pa- 
tients also showed enlargement of the head of the epi- 
didymis. Hesser et al. also described increased peritestic- 
ular flow in most cases of appendicular torsion. The 
findings of appendage torsion with CDU are variable, 
and nondiagnosis of appendage torsion has no clinical 
significance. An accurate diagnosis is important only to 
the extent that this entity must be differentiated clini- 
cally from testicular torsion. With a secure diagnosis, the 
need for surgery is doubtful.43 

Collie et al. reviewed the literature and found that 
fewer than 2% of cases with torsion of the appendix 
testis were bilateral.44 Most of them were metachronous, 
with only a rare case presenting synchronously. Bilateral 
exploration and excision is advised when torsion of the 
testicular appendages is diagnosed. 


Conclusions 


The diagnosis of torsion should continue to rely heavily 
on the clinical and physical examination. CDU should 
be strongly considered when the clinical diagnosis is in 
doubt. CDU is of relatively low cost, readily available, 
nonionizing, quick, and most importantly highly accu- 
rate. Specificity is 100%, and sensitivity ranges from 85% 
to 100%. The false-negative results usually relate to spon- 
taneous detorsion or incomplete torsions, which most of- 
ten demonstrate decreased testicular flow. This situation 
can usually be avoided if this limitation is kept in mind. 
The utility of ultrasonography is that many needless op- 
erations can be obviated in patients who would other- 
wise undergo surgery because clinically torsion often 
cannot be differentiated from epididyoorchitis. 


John L. Roberts 
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Other Benign Conditions 
of the Testis and Scrotum 


Michael C. Farah, Kevin T. O’Hora, and S. Zafar H. Jafri 


This chapter covers a diverse group of benign scrotal ab- 
normalities. Some are extratesticular in location (hydro- 
cele, hematocele, hernia, spermatocele, epididymal cyst, 
scrotolith), and others are intratesticular (simple cyst of 
the testicle, cyst of the tunica albuginea, tubular ectasia 
of the rete testis, testicular microlithiasis). Recognition 
of some of these conditions as nonsurgical abnormalities 
has a significant impact on patient management. 

Ultrasonography is the primary imaging modality of 
choice for this group of diseases. In most cases the ultra- 
sound appearance is specific enough to make the diag- 
nosis and exclude malignancy. Occasionally magnetic 
resonance imaging (MRI) is used as a problem-solving 
modality when the ultrasound examination is inconclu- 
sive (1.e., tubular ectasia of the rete testis versus neo- 
plasm). Computed tomography (CT) is helpful for eval- 
uating patients with an abdominoscrotal hydrocele and 
in some cases of inguinal hernias. Otherwise, CT is not 
advocated for imaging the scrotum owing to gonadal ir- 
radiation. | 


Hydrocele 


In the normal scrotal sac there is a tiny amount of fluid 
between the visceral and parietal layers of the tunica 
vaginalis, providing lubrication. When there is abnormal 
accumulation of fluid in the tunica vaginalis sac, a hydro- 
cele is said to be present. In newborns hydroceles are 
usually congenital, whereas in adults they tend to be id- 
iopathic or secondary to concomitant scrotal pathology. 


Congenital Hydrocele 


Congenital hydroceles are not uncommon in newborns 
and usually resolve spontaneously. They result from fail- 
ure of closure between the processus vaginalis and peri- 
toneal cavity. The processus vaginalis is an outpouching 
of the peritoneal cavity that descends with the testicle 
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into the scrotal sac, ultimately becoming the tunica vagi- 
nalis. The tunica vaginalis envelops all but the posterior 
aspect of the epididymis and testicle. Failure of closure 
of the processus vaginalis allows communication be- 
tween the peritoneal cavity and tunica vaginalis, result- 
ing in fluid accumulation within the tunica vaginalis 
(Fig. 17.1A). It has also been suggested that underdevel- 
opment of lymphatics in the parietal layer of the tunica 
vaginalis causes impaired absorption of fluid and subse- 
quent development of a congenital hydrocele.! 

Congenital hydroceles are diagnosed clinically and re- 
quire no imaging studies. They typically present with an 
enlarged, nontender scrotum that transilluminates on 
physical examination. Hydroceles may also occur as an 
isolated finding in the spermatic cord or in conjunction 
with a scrotal hydrocele (Fig. 17.1B). In rare instances a 
hydrocele enlarges to extend into the peritoneal cavity 
and is then termed an abdominoscrotal hydrocele. This 
diagnosis should be suspected in any child with a lower 
abdominal mass and a hydrocele. Pressure placed on the 
abdominal component of the hydrocele may cause en- 
largement of the hydrocele in the scrotum. 

Abdominoscrotal hydroceles occur in both the pedi- 
atric age group and adults. They are thought to result 
from: (1) cephalad expansion of a scrotal hydrocele; 
(2) upward expansion of a hydrocele of the processus 
vaginalis obstructed at the internal inguinal ring2; or 
(3) a flap valve mechanism in the processus vaginalis.3 
The abdominal component can become as large as 20 
cm in an adult,4 with compression of the ureter and iliac 
vein ultimately resulting in unilateral hydronephrosis 
and leg edema.3-5 

Whether using ultrasonography, CT, or MRI, the goal 
of imaging is to demonstrate the extension of the scrotal 
hydrocele into the pelvis, allowing the surgeon to use an 
inguinal approach for repair rather than a laparotomy. 
The large intraabdominal component can be decom- 
pressed with fine-needle aspiration during the perioper- 
ative period to allow transinguinal excision. When evalu- 
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FIGURE 17.1. Congenital hydrocele and hydrocele of the sper- 
matic cord. (A) Patency of the processus vaginalis (arrow) al- 
lows fluid (shaded area) to accumulate between the parietal 


ating patients sonographically, careful scanning of the 
inguinal region is important for identifying any commu- 
nication between the fluid-filled pelvic and scrotal com- 
ponents. CT scans should be extended inferiorly to 
cover the scrotum with sagittal reconstructions through 
the inguinal region. MRI offers direct imaging in the 
sagittal plane. The hydrocele has low (dark signal) inten- 
sity on Tl-weighted images and high (bright signal) in- 
tensity on T2-weighted images, as would be expected 
with any fluid-filled mass (Fig. 17.2). 


Secondary Hydrocele 


Hydroceles that result from an accompanying scrotal 
process (i.e., infection, neoplasm, trauma, torsion) or 
extrascrotal disease (causing systemic edema or lym- 
phatic obstruction) are termed secondary hydroceles. 
Those that occur with no apparent explanation are 
termed idiopathic hydroceles. The pathogenesis is 
thought to be impaired lymphatic absorption from the 
parietal layer of the tunica vaginalis or increased capil- 
lary filtration secondary to congestion in the spermatic 
cord.!.6.7 It is thought that idiopathic hydroceles result 
from subclinical infection or occult trauma. 

In a young adult presenting with a hydrocele, further 
investigation with ultrasonography is often warranted, 
particularly when palpation of the underlying testicle 1s 
inhibited, as approximately 10% of testicular neoplasms 
are first seen with an associated hydrocele.8 On ultra- 
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and visceral layers of the tunica vaginalis. (B) Partial closure of 
the processus vaginalis results in a hydrocele of the spermatic 
cord (arrow). (Drawings by A. Cacciarelli, MD.) 


sound, fluid is seen to surround all but the posterior as- 
pect of the testicle and epididymis where the tunica vagi- 
nalis reflects (Fig. 17.3). Occasionally, fluid is seen sur- 


FIGURE 17.2. Abdominoscrotal hydrocele. Sagittal T2-weighted 
images through the right inguinal canal demonstrates the ab- 
dominal and scrotal components of the hydrocele. High signal 
intensity typical of fluid is noted. (From Krasna et al.,5 with per- 
mission.) 


278 


FIGURE 17.3. Hydrocele. Transverse sonogram shows the 
hydrocele (H) surrounding all but the posterior aspect of the 
testicle (T). 


A 


FIGURE 17.4. Hydrocele. (A) Longitudinal sonogram demon- 
strates a hydrocele surrounding the appendix testis (arrow). 
T = testicle; E = epididymis. (B) In a different patient ultra- 
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rounding the appendix of the testis or epididymis (Fig. 
17.4). Septations, or even low level echoes, may be iden- 
tified in the dependent portion (Fig. 17.5). The low- 
level echoes represent fibrous excrescences or proteina- 
cious material.9,10 Although septations may be present 
within a hydrocele, they are more commonly seen in 
hematoceles and pyoceles (Fig. 17.6). Identification of a 
normal testicle is important, not only to rule out an asso- 
ciated neoplasm but also for surgical planning.!! 

Neither CT nor MRI is a primary imaging modality for 
evaluating a patient with a hydrocele. Radiation expo- 
sure to the gonads makes CT an undesirable modality. 
Hydroceles, however, are easily identified on MRI as low 
signal (dark) fluid surrounding the testicle on Tl- 
weighted images and high (bright) signal intensity on 
T2-weighted images (Fig. 17.7). They are usually seen in 
patients being worked up for testicular neoplasm or are 
incidental findings on pelvic MRI. 

Treatment for hydroceles is surgical and reserved for 
patients with significant discomfort or for cosmetic rea- 
sons when the hydrocele becomes large. In the past, pain 
has been a significant drawback of tetracycline scle- 
rotherapy for hydroceles. More recently, Sigurdsson et 
al. proposed the use of polidocanol for sclerotherapy be- 
cause of its local anesthetic properties. There is, how- 
ever, the potential for sterility with this type of therapy.!2 
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sonography depicts an epididymal appendix (arrow) outlined 
by a large hydrocele. 
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FIGURE 17.5. Hydrocele with septations. Transverse sonogram 
‘superior to the testicle shows numerous septations within the 
hydrocele. Scrotal wall thickening was due to edema in this pa- 
tient on peritoneal dialysis. 


Hematocele 


A hematocele is defined as blood within the tunica vagi- 
nalis sac, which surrounds the testicle. It is not to be con- 
fused with a scrotal hematoma, which is located in the 
scrotal wall. Hematoceles are most often posttraumatic 
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and are usually due to a sports-related injury or are sec- 
ondary to a motor vehicle accident. Other less common 
etiologies include testicular torsion, neoplasms, arte- 
riosclerosis, diabetes, inflammation, and coagulopathy; 
or they may follow inguinal surgery. Idiopathic sponta- 
neous bleeding can occur and is more common in the el- 
derly.13 Most injury-associated hematoceles occur in the 
10- to 30-year-old population, as would be expected with 
the physical activities of that age group. 

Clinically, the presence of a painful firm scrotal mass 
that does not transilluminate and is associated with scro- 
tal/penile ecchymosis suggests a hematocele. Traumatic 
hematoceles have been reported to be associated with 
testicular rupture in 50-80% of patients.14.15 

Ultrasonography is the primary imaging modality uti- 
lized in the acute posttraumatic setting. It is important to 
assess the entire scrotum for underlying injuries with 
particular attention to the testis. The ultrasound appear- 
ance of hematoceles varies depending on how long after 
the trauma the study is performed. During the early 
acute stage, the hematocele is relatively anechoic, which 
allows easier assessment of the testicle and epididymis 
for associated underlying trauma. During the subacute 
phase the hematocele becomes more echogenic with 
scattered low level echoes. Septations, calcification, and 
a thick capsule eventually appear (Fig. 17.6A).!3 When 
assessing the underlying testis it is important to evaluate 
testicular shape, echogenicity, and continuity of an intact 
tunica albuginea, as it becomes abnormal with rupture 
and may necessitate immediate surgery. 

The importance of the clinical history is underscored 
by the fact that septated hydroceles; pyoceles, and hema- 
toceles can have the same sonographic appearance (Fig. 
17.6B; see also Fig. 17.5). These entities, however, can be 
clinically distinguished as traumatic hydroceles/pyoceles 
usually occur days to weeks after the trauma. Sonographi- 
cally, the presence of swirling echoes in the absence of 
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FIGURE 17.6. Hematocele and pyocele. (A) Transverse sonogram demonstrates multiple septations in a hematocele. (B) Pyocele 
associated with orchitis. Note the increased vascular flow to the testicle. 
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FIGURE 17.7. Hydrocele. Coronal MR images of the right hemiscrotum depict the typical MR findings of a hydrocele (H). Note 
the low signal on T1 (A) and the high signal on T2 (B). T = testicle. 


trauma is suggestive of hydrocele.16 On MRI, the signal 
characteristics of a hematocele allow distinction from a 
hydrocele. Subacute blood in a hematocele demonstrates 
increased signal intensity on both Tl- and T2-weighted 
images, whereas a hydrocele has decreased signal on T1- 
and increased signal on T2-weighted images (Fig. 17.8). 
Opinions on the treatment of an isolated hematocele 
vary, as some authors advocate immediate surgery rather 
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FIGURE 17.8. Hematocele. (A) The lesion shows high signal in- 
tensity on a sagittal Tl-weighted image. (B) There is high sig- 
nal intensity on a coronal T2-weighted image. These patterns 


than conservative treatment. It is argued that surgery re- 
duces morbidity and the long-term orchiectomy rate.17 
Even with an isolated hematocele, long-term disability 
may occur owing to complications by infection or 
testicular necrosis/atrophy due to a tense hematocele.18 
Hematoma of the scrotal wall or pure intratesticular 
hematoma (with no other accompanying injury) can be 
treated conservatively. 19 
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are characteristic of subacute blood in a hematocele. (Case 
courtesy of K. Bis, MD.). 
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Inguinal Hernias 


Inguinal hernias are a common clinical problem in both 
the pediatric and adult age groups. Although the peak 
incidence of inguinal hernias is in infants and children, 
herniorrhaphy is one of the most common operations 
performed in adults.20,21 There are two basic types of in- 
guinal hernia: direct and indirect. A brief review of the 
anatomy of the inguinal canal facilitates understanding 
direct versus indirect hernias. 

The inguinal canal is essentially a passageway through 
the lower abdominal pelvic wall into the scrotum. 
Through this passageway the testicle, epididymis, and 
spermatic cord descend to reach the scrotal sac. The 
deep inguinal ring is an opening in the transversalis fas- 
cia immediately superior to the midpoint of the inguinal 
ligament and lateral to the inferior epigastric artery. The 
inguinal canal courses inferomedially parallel to the in- 
guinal ligament, superior and lateral to the pubic tuber- 
cle, where the superficial inguinal ring is located. The 
superficial inguinal ring is an opening in the aponeuro- 
sis of the external oblique muscle (Fig. 17.9). 
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FIGURE 17.9. Anatomy of the inguinal 
canal. Direct and indirect inguinal her- 
nias. Direct inguinal hernias protrude 
from the posterior wall of the inguinal 
canal, medial to the epigastric vessels in 
Hesselbach’s triangle (dashed line). Indi- 
rect hernias enter the inguinal canal 
through the deep inguinal ring lateral to 
the epigastric vessels. (Drawing by A. Cac- 
ciarelli, MD.) 
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Direct inguinal hernias are acquired and result from a 
weakness in the posterior wall of the inguinal canal 
(transversalis fascia). It occurs in the region called Hes- 
selbach’s triangle, which is bounded by the inguinal liga- 
ment inferiorly, the lateral border of the rectus abdo- 
minis muscle medially, and the inferior epigastric artery 
laterally. The hernial sac of a direct hernia lies behind 
the spermatic cord and thus is unlikely to extend into 
the scrotum.2? These hernias rarely incarcerate because 
of a broad-based neck. 

Indirect inguinal hernias are more common than di- 
rect hernias and result from dilatation of the deep in- 
guinal ring, allowing passage of intraabdominal contents 
into the inguinal canal. Congenital indirect hernias are 
more common in infants and children and are associ- 
ated with a patent processus vaginalis. The processus 
vaginalis normally closes at birth, although, in approxi- 
mately one-third of infants and one-sixth of adults it re- 
mains patent.23 Patency allows bowel, omentum, and 
even bladder to herniate into the inguinal canal (Fig. 
17.10). In children these hernias are usually associated 
with a hydrocele. Likewise, an indirect inguinal hernia is 
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FIGURE 17.10. Indirect inguinal hernia. (A) Normal closure of the processus vaginalis (arrow). (B) Patent processus vaginalis al- 
lows herniation of bowel into the scrotum with an associated hydrocele (shaded area). (Drawing by A. Cacciarelli, MD.) 


almost always present when there is an undescended tes- 
ticle.24 

Acquired indirect inguinal hernias typically occur in 
adults and are due to a developed weakness and dilata- 
tion of the deep inguinal ring. The mouth of the hernia 
sac in congenital and acquired indirect hernias lies lat- 
eral to the inferior epigastric artery. 

Most inguinal hernias are diagnosed by clinical history 
and physical examination. Typically they present with a 
bulge in the inguinal region accompanied by discom- 
fort. A cough reflex is commonly elicited. Symptoms, 
however, vary depending on the contents of the hernial 
sac. For example, when the small bowel enters the sac, 
patients may complain of epigastric or paraumbilical dis- 
comfort.25 With bladder herniation, patients may experi- 
ence two-stage urination (1.e., initial urination followed 
by second-stage urination enhanced by manual pressure 
on the hernia), nocturia, dysuria, and hematuria or even 
bladder outlet obstruction.26 

Bladder herniation occurs in approximately 1-4% of 
inguinal hernias; they are usually direct hernias and 
commonly right-sided.26 Bladder hernias in women, 
however, are more commonly associated with femoral 
hernias.26,27 Factors predisposing to bladder herniation 
include those with chronically distended bladders from 
prostate enlargement, loss of bladder tone with weakness 
of supporting abdominal wall musculature, and obe- 
sity.26.27 Intravenous urography and cystography are use- 
ful tools for confirming the diagnosis of bladder hernia- 


tion (Fig. 17.11). In either case, it is important to obtain 
films in the upright and prone position, as well as de- 
layed postvoid films. These positional films are used to 
encourage contrast from the bladder to enter the ante- 
rior and inferior located hernia sac. The diagnostic triad 
of (1) lateral displacement of the distal third of one or 
both ureters, (2) small bladder, and (3) incompletely vi- 
sualized bladder base has been suggested as indicative of 
bladder herniation on intravenous urography.26 Some 
recommend cystograms in males with a large inguinal 
hernia and patients over the age of 50 to exclude associ- 
ated bladder herniation.28 

Bladder herniation into the inguinal canal or scrotum 
can also be demonstrated on CT and ultrasonography. 
With both of these modalities the fluid-filled herniated 
urinary bladder must be distinguished from other cystic 
lesions, such as a hydrocele, epididymal cyst, or scrotal 
abscess, by establishing contiguity with the intraabdomi- 
nal bladder component. Decubitus scans, with the pa- 
tient turned onto the ipsilateral side of the hernia, allow 
the contrast to enter the herniated bladder. On either 
CT or ultrasound scans the observation of a small blad- 
der and change in the size of the scrotal mass after void- 
ing are additional helpful secondary signs.28 One should 
also inspect the wall of the bladder hernia for any irregu- 
lar thickening that suggests bladder carcinoma.27 

Some patients with inguinal hernias present with a 
painful scrotal mass and are referred for scrotal ultra- 
sonography. Once abnormalities in the testicle and epi- 
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FIGURE 17.11. Bladder hernia. Cystogram demonstrates a con- 
trast-filled bladder herniating into the right hemiscrotum. 
(From Amendola M. Conventional radiographic contrast pro- 
cedures. In: Fisher MR, Kricum ME, editors. Imaging of the 
Pelvis. Rockville, MD, Aspen, 1989:87-150, with permission.) 


didymis are excluded, one should look for the presence 
of an extratesticular mass. The bowel can be identified 
by demonstrating small bowel valvulae conniventes, 
colonic haustrations, or peristalsis. When a complete 


A 


FIGURE 17.13. Inguinal hernia with fat and small bowel. (A) CT 
scan demonstrates omental fat (curved arrow) herniating into 
the right inguinal canal medial to the inferior epigastric artery 
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FIGURE 17.12. Inguinal hernia. Sagittal sonogram of the right 
upper hemiscrotum demonstrates bowel (arrows) containing 
brightly echogenic air bubbles. T = testicle. 


bowel loop is present, the afferent and efferent loops are 
seen as two ring-like structures side by side in the hernial 
sac.29 

Scanning should be extended to the inguinal canal 
and Hesselbach’s triangle (Fig. 17.12). The presence of 
an inguinoscrotal mass distinguishes hernias from com- 
plex hydroceles or hematoceles with fibrous septa, 
which can mimic fluid-filled bowel.30 Subramanyam et 


B 


(arrow) (direct inguinal hernia). (B) Air-filled small bowel and 
mesentery are noted in the right scrotal sac (arrow). 
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FIGURE 17.14. Inguinal hernia with fat and small bowel. (A) Ax- 
ial proton density MR image demonstrates high signal intraab- 
dominal fat herniating into the scrotum bilaterally (arrows). 
Note that the signal intensity of the hernia fat surrounding the 


al. recommended the following useful criteria for differ- 
entiating a scrotal hernia from primary scrotal pathol- 
ogy: (1) identification of bowel loops; (2) demonstration 
of normal scrotal contents; and (3) demonstration of the 
presence of a hernial sac in the region containing bowel 
or omentum.30 

Most inguinal hernias are an incidental finding on CT 
and MRI. In either case the inguinal ring can be identi- 
fied as a ring-like structure containing the spermatic 
cord anterior to the pubis. Identification of bowel, blad- 
der, or omentum in the inguinal ring confirms the diag- 
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testicles (T) and subcutaneous fat (*) is the same. This point 
was also noted on Tl- and T2-weighted images (not shown). 
(B) Axial Tl-weighted image shows bowel (arrow) in a right in- 
guinal hernia. (Cases courtesy of K. Bis, MD.) 


nosis of an inguinal hernia (Figs. 17.13, 17.14). When- 
ever bowel is seen within the inguinal canal, a careful 
search for signs of ischemia is important to exclude 
strangulation. Such signs include bowel wall thickening, 
haziness, or fluid in the adjacent fat.3! 

Large inguinal hernias are easily seen on conven- 
tional radiographs of the abdomen as air-filled bowel 
loops projecting into the scrotum (Fig. 17.15). Inguinal 
hernias may also present as a small-bowel obstruction. 
Therefore when evaluating abdominal radiographs or 
CT scans, a hernia should be sought in any patient with 


FIGURE 17.15. Inguinal hernia with small bowel and colon. Radiographs demonstrate air-filled small bowel loops (A) and colon 
(B) in large scrotal hernias. Note the colonic haustrations (arrows) in (B). (Case courtesy of D. Mezwa, MD.) 
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a small-bowel obstruction. Gastrointestinal barium stud- 
ies can confirm obstruction by demonstrating bowel 
within the inguinal hernias. When bowel passes through 
a narrow neck (usually seen with indirect inguinal her- 
nias), the afferent and efferent loops are pinched to- 
gether. In the left inguinal canal one may see sigmoid 
colon or small bowel in the hernial sac, whereas small 
bowel, colon, and appendix can be seen in the right 
canal. 

Herniography is still occasionally performed in infants 
for whom the clinical diagnosis is difficult. It is done by 
injecting contrast into the peritoneal cavity and obtain- 
ing delayed films. Hernias can be detected with this 
technique and classified as direct or indirect.32 


Simple Cysts of the Testicle 


Simple cysts of the testicle are benign lesions and con- 
tain clear fluid. Histologically, the cyst wall is composed 
of fibrous tissue lined partially or completely by flat or 
cuboidal epithelial cells.33,34 They are distinct from cysts 
of the rete testis and cysts of the tunica albuginea. 

Simple cysts of the testicle have been reported in all 
age groups from neonates to the elderly.33-35 They vary 
in size from slightly less than 1 cm to 8 cm.35 Of the vari- 
ous cysts that can occur in the scrotum (1.e., cysts of the 
epididymis, spermatic cord, tunica vaginalis, and tunica 
albuginea), simple cysts are the most uncommon.33 
Their etiology is unknown, with the proposed pathogen- 
esis including trauma or inclusion of ectopic epithelium, 
developmental anomaly, or sequela of infection.35,36 

As with any intratesticular abnormality, the prime con- 
cern is to exclude a neoplasm. Adherence to the sono- 
graphic criteria of a simple cyst (1.e., well defined, ane- 
choic, sharp anterior border, and posterior wall with 
through transmission) (Fig. 17.16) is essential for differ- 
entiating a simple cyst from a neoplasm. The testicular 
tumor that can present with a solitary cystic appearance 
is a mature teratoma, although an associated solid com- 
ponent or calcification and internal echoes are com- 
monly present. Epidermoid cysts can be differentiated 
from simple cysts by the presence of internal echoes due 
to keratin deposits, an echogenic peripheral rim, and 
lack of through transmission33.37 (see Chapter 18). 

Prior to the development of ultrasonography, orchiec- 
tomies were performed to confirm the presence of sim- 
ple cysts. Currently, an asymptomatic testicular cyst can 
be managed conservatively with ultrasound follow- 
up.33,35.37 Symptomatic or enlarging cysts may be man- 
aged by surgical enucleation with parenchymal spar- 
ing.33,35 

There have been reports of multilocular simple cysts 
that are also benign.35.36 Histologically, they are lined by 
simple cuboidal epithelium. These cases require surgical 
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FIGURE 17.16. Simple cyst of the testicle. Longitudinal sono- 
gram demonstrates a cyst (C) within the parenchyma of the tes- 
ticle (T). Note the through transmission posterior to the cyst 
(between arrows on the right and left). 


exploration and pathologic confirmation to make the 
diagnosis. 


Cysts and Tubular Ectasia 
of the Rete Testes 


Cysts and tubular ectasia of the rete testis represent di- 
latation of the tubular network that transports sperm 
from the seminiferous tubules to the efferent tubules. 
The rete testis is located in the mediastinum testis where 
the fibrous capsule (tunica albuginea) invaginates into 
the superoposterior aspect of the testicle (Fig. 17.17). 

It is postulated that tubular ectasia or cysts of the rete 
testis result from obstruction of the spermatic ductal sys- 
tem.38,39 They are bilateral in approximately 45% of 
cases and associated with an ipsilateral spermatocele in 
approximately 74% of cases.40 Spermatoceles represent 
obstructed dilated efferent tubules and are typically lo- 
cated in the epididymal head. Tubular ectasia has been 
reported in patients with previous vasectomy, testicular 
biopsy, contralateral torsion, acute or chronic epididymi- 
tis,38 absence of the vas deferens,4! previous hernia re- 
pair,40.42 seminoma causing secondary obstruction,39 
von Hippel-Lindau disease,43 trauma,39 and ipsilateral 
nephrectomy.42 

A rare congenital abnormality, cystic dysplasia of the 
testis, can give rise to multiple cystic spaces in the rete 
testis. It is thought to be a congenital defect in the com- 
munication between the rete testis and efferent ductules 
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and may be associated with ipsilateral renal agenesis or 
renal dysplasia.44 

Unlike most testicular masses, cysts and tubular ectasia 
of the rete testes are benign conditions. Their clinical 
importance lies in the fact that they should not be mis- 
taken for a testicular neoplasm, obviating the need for 
surgery. Several observations are helpful in distinguish- 
ing this entity from testicular neoplasm. First, tubular ec- 
tasia and cysts of the rete testes usually occur in middle- 
age and elderly men, which is not the typical age group 
for testicular neoplasms.38,39,41 Second, they are located 
peripherally in the region of the mediastinum testis and 
are not associated with a solid mass. Third, typically 
these lesions are not palpable39.45 and are frequently as- 
sociated with extratesticular spermatoceles. 

On ultrasound examination, cysts of the rete testes have 
the characteristics of simple cysts. They are typically lo- 
cated in the superoposterior portion of the testicle in the 
mediastinum. Although located in the same area of the 
testicle, tubular ectasia has a sonographic appearance dis- 
tinct from that of a simple cyst. Tubular ectasia appears as 
an elliptical or band-like area of decreased echogenicity in 
the mediastinum testis on longitudinal scans. Close in- 
spection reveals cystic structures with coarse interfaces be- 
tween the dilated tubules (Fig. 17.18). The cyst may range 
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FIGURE 17.17. Anatomic drawing of the rete 
testis. Note the peripheral location of the 
rete testis in the mediastinum testis. Sperma- 
toceles often associated with tubular ectasia 
of the rete testis represent dilated efferent 
ductules in the region of the epididymal 
head. (Drawing by A. Cacciarelli, MD.) 


Vas deferens 


Epididymal body 


Epididymal tail 


FIGURE 17.18. Tubular ectasia of the rete testis. Longitudinal 
sonogram demonstrates multiple cystic structures in the medi- 
astinum testis (arrows) representing tubular ectasia of the rete 
testes. Note that the testicle (T) is otherwise homogeneous in 
echo texture. 
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from a few to 15 mm and may be surrounded by a hypere- 
choic rim.38 It can be distinguished from an intratesticular 
varicocele by the lack of Doppler flow. 

In cases where there is an equivocal diagnosis of tubu- 
lar ectasia of the rete testes, MRI may be performed. 
MRI is helpful for distinguishing tubular ectasia from 
neoplasm. Tubular ectasia, like the frequently associated 
spermatocele, has MR characteristics of fluid (low signal 
on T1-weighted images and proton density and high sig- 
nal on T2-weighted images). The normal testicle has 
high signal intensity on T2-weighted images, and there- 
fore tubular ectasia and cysts of the rete testis become 
isointense to hyperintense compared to the testicle and 
may be difficult to visualize on T2-weighted images (Fig. 
17.19). This pattern is in contrast to that of seminoma- 


FIGURE 17.19. Tubular ectasia of the rete testis with an ip- 
silateral spermatocele. (A) Longitudinal sonogram of the 
left testicle demonstrates tubular ectasia of the rete testis 
(arrow). (B) Coronal Tl-weighted image in the same pa- 
tient shows low signal intensity of both tubular ectasia (ar- 
row) and associated spermatocele (S). (C) Both become 
bright on T2-weighted images. Note that the testicles (T) 
are of low to intermediate signal intensity on the Tl- 
weighted image (B) and increase on T2 (C). 
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tous tumors, which are isointense compared to the testi- 
cle on Tl-weighted and proton-density images and have 
low signal intensity on T2-weighted images. Nonsemino- 
matous tumors are heterogeneous on all sequences.42 


Spermatocele/Epididymal Cyst 


Cysts occur in the epididymis in approximately 29% of 
asymptomatic patients.46 A spermatocele, as the name 
implies, is a cyst that contains spermatozoa, in contrast 
to epididymal cysts, which contain clear fluid. Spermato- 
celes represent cystic dilatation of partially obstructed ef- 
ferent ductules; they are seen most commonly in the 
head of the epididymis but can occur in the rete testis or 
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FIGURE 17.20. Multiloculated spermatocele with associated 
tubular ectasia of the rete testis. (A) Transverse sonogram supe- 
rior to the testicle demonstrates a multilocular spermatocele. 


aberrant ducts.47,48 Epididymal cysts are thought to rep- 
resent cystic dilatation of the epididymal tubules49 and 
occur anywhere along the epididymis. Most cysts in the 
epididymis are of no clinical consequence and are 
treated surgically only if they become symptomatic. In 
rare instances torsion occurs.50 | 

Spermatoceles are usually an incidental finding dur- 
ing the fourth and fifth decades of life and may be uni- 
lateral or bilateral. They range from a few millimeters to 
several centimeters in size and may contain dependent 
sediment. Spermatoceles are associated with tubular ec- 
tasia of the rete testis and are suggested when a cyst in 
the epididymis is associated with cysts in the medi- 
astinum testis (Fig. 17.20). Spermatoceles also occur in 
patients with prior vasectomy. In addition, postvasectomy 
patients can develop an enlarged inhomogeneous epi- 
didymis with multiple small cysts secondary to complex 
cystic degeneration of the epididymis.49.51 Sonographi- 
cally, spermatoceles are typically seen as an extratesticu- 
lar unilocular or multilocular cyst in the region of the 
epididymis (Fig. 17.21). In rare cases they appear to be 
embedded intratesticularly in the region of the rete 
testis.52 

Spermatoceles are easily differentiated from a varico- 
cele by color Doppler sonography. However, when sper- 
matoceles become large, differentiation from a hydro- 
cele may be possible only by demonstrating the presence 
or absence of spermatozoa from an aspirate. Likewise, 
when a cyst is seen in the epididymis, an epididymal cyst 
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(B) Transverse scan through the testicle of the same patient 
revels associated tubular ectasia of the rete testis (arrows). 


and a spermatocele cannot be distinguished sonographi- 
cally. The MRI findings of spermatoceles and epididy- 
mal cysts have the characteristics of fluid-filled masses 
(low signal on Tl-weighted images and high signal on 
T2-weighted images) (Fig. 17.19). 


FIGURE 17.21. Unilocular spermatocele. Longitudinal sono- 


gram demonstrates a unilocular cyst in the region of the 
epididymal head (e) compatible with a spermatocele (S). 
T = testicle. 
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Cysts of the Tunica Albuginea 


The tunica albuginea is the dense fibrous capsule that 
surrounds the testicle. Cysts occasionally arise from this 
structure, although uncommonly. Their origin is not def- 
initely known. Proposed etiologies include posttraumatic 
hemorrhage into the tunica albuginea with resultant cyst 
formation and retention cyst secondary to infection.53 
An origin from persistent wolffian or mullerian ducts 
has also been suggested.54 Mennenmeyer and Mason 
performed electron microscopy studies on two patients 
and believed the cysts were of efferent ductule origin.55 

These cysts are benign and usually occur during the 
fourth to sixth decades of life. They can be asymptomatic 
or associated with pain. Typically, they are small and oc- 
cur in the anterior and lateral aspects of the testis. They 
may be solitary, multiple, or multiloculated.53 Cysts may 
contain clear fluid or hemorrhagic fluid, but they do not 
contain sperm.54 

Imaging is important because cysts of the tunica albug- 
inea can present clinically as a palpable mass indistin- 
guishable from a tumor. Sonographic recognition of one 
or several small cysts at the periphery of the testicle not 
completely surrounded by parenchyma suggests a cyst or 
cysts of the tunica albuginea (Fig. 17.22). Provided the 
parenchyma of the testicle is homogeneous with no calci- 
fication or associated solid mass, neoplasm can be confi- 
dently excluded on the basis of ultrasound studies. In 
the case of a multiloculated peripheral cystic lesion, sur- 
gical enucleation may be necessary to confirm a benign 
etiology. 
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Testicular Microlithiasis 


Testicular microlithiasis (TM) is a rare condition of the 
testicle, occurring in approximately 0.05-0.60% of pa- 
tients.56-58 The typical sonographic appearance is that 
of numerous punctate l- to 3-mm_nonshadowing, 
echogenic foci (calcifications). They are commonly dis- 
tributed diffusely and symmetrically throughout both 
testicles (Fig. 17.23). There are, however, variations in 
this pattern. Calcifications may also be distributed pe- 
ripherally, asymmetrically, or in only one testicle.56 
These variations must be distinguished from multiple 
tiny, clustered calcifications, which are suspicious for 
malignancy.59 There has been one report in which the 
epididymis was involved with TM.60 

Histologically, the tiny calcifications seen on ultra- 
sound scans are located within the seminiferous tubules. 
Nistal et al. hypothesized that they form from an accu- 
mulation of cellular debris within the tubular lumen, 
followed by glycoprotein deposition, and finally calcifi- 
cation of the central core.6! The etiology of this degener- 
ation of intratubular cells is unknown, although it is 
thought that it is a primary process of the testicles, 
rather than a sequela of an underlying process.62 

Testicular microlithiasis can be seen in a variety of age 
groups ranging from the pediatric population to the el- 
derly.56.63 A number of conditions have been reported 
with TM (Table 17.1). Among these conditions, there is 
much concern about the association with testicular ma- 
lignancy (Fig. 17.24) .57,60,64-69 Seminomas, mixed germ 
cell tumors, teratomas, and yolk sac tumors have been 


FIGURE 17.22. Cyst of the tunica albuginea. (A) Longitudinal sonograms demonstrate a small subcapsular cyst (arrow) in an oth- 
erwise homogeneous testicle compatible with a cyst of the tunica albuginea. (B) Multiple cysts are noted in a different patient. 
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FIGURE 17.23. Bilateral testicular microlithiasis. Sonograms demonstrate diffuse bilateral nonshadowing echogenic foci character- 
istic of testicular microlithiasis. (A) Left testicle. (B) Right testicle. 


reported with TM.56,60,65-70 Backus et al.55 reported a se- 
TABLE 17.1. Conditions reported with testicular microlithiasis ries of 42 patients with TM, 17 (40%) of whom had tes- 
Normales ©. ticular malignancy. Many of the patients in their study 
group were already at risk for tumor (54% of the pa- 
tients were referred for a palpable mass or contralateral 
tumor, and 61% were between the ages of 20 and 39).56 
Some authors believe TM should be considered a pre- 
malignant condition. There have been a few case re- 
ports where on routine follow-up patients with TM de- 


Testicular malignancy57.59- 64,69 
Retroperitoneal seminoma7° 
Intratubular germ cell neoplasia 
Cryptorchidism61,69 


Klinefelter syndrome73 


Pseudohermaphroditism’3 veloped testicular neoplasms.70.71 
Subfertility /infertility66,69 A prudent approach is to closely follow patients with 
Pulmonary alveolar microlithiasis74 incidental TM by physical examination, tumor markers, 
Cerebral and cerebellar calcifications6! and ultrasonography. This protocol 1S particularly im- 
Torsion75 portant in young adult men at risk for testicular tumor. 
Carney syndrome (cardiocutaneous myxoma speckled skin Any sonographic evidence of a focal mass suggests tu- 
pigmentation) 66 mor and necessitates surgery and biopsy. One might 
Granulomas6é also consider imaging the abdomen and chest in the 
Down syndromes6 rare instance where patients present with extratesticular 
(1.e., intraabdominal or pulmonary) germ cell tu- 
mors. 64,72 


A B 
FIGURE 17.24. Testicular microlithiasis with seminoma. ticular microlithiasis. (B) A comparison image of the left testi- 
(A) Longitudinal sonogram of the right testicle demonstrates cle shows the TM in a otherwise homogeneous testicle. 
multiple hypoechoic nodules (seminoma) associated with tes- 
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Scrotoliths 


Scrotoliths (scrotal calculus or scrotal pearl) are mobile 
extratesticular concretions found between the layers of 
the tunica vaginalis. They are typically small (<1 cm) 
and associated with a hydrocele. They may be single or 
multiple and are composed of a central calcification sur- 
rounded by hyalinized collagen. Chemical analysis of the 
central calcification reveals features of urinary calculi 
(calcium oxylate, calcium phosphate, magnesium phos- 
phate, uric acid, and hydroxyapatite) .76-78 There is, how- 
ever, nO communication between the tunica vaginalis 
and the urinary tract. 

Scrotoliths may result from an inflammatory process 
of the tunica vaginalis where fibrinous deposits form a 
nidus that eventually calcifies. An alternate hypothesis 
suggests that they originate from a detached torsed ap- 
pendix testis or appendix epididymis that becomes calci- 
fied.76.79 In either case, they represent a benign process. 

Patients usually present with scrotal swelling secondary 
to a hydrocele that may or may not be accompanied by 
pain. Interestingly, wandering scrotal pain has been at- 
tributed to scrotal calculi.80.81 Palpation of a hard surface 
nodule may prompt ultrasound to rule out a testicular 
mass. Scrotoliths seen on sonograms are extratesticular 
echogenic foci with acoustic shadowing. They are sepa- 
rate from the epididymis and move with positioning, par- 
ticularly when associated with a hydrocele (Fig. 17.25). 


FIGURE 17.25. Scrotolith. Extratesticular calcification (arrow) 
with shadowing. (From Jafri SZH, Silva JM, Nussdorfer M, 
Shirkhoda A. Sonography of the testis and scrotum. In: Shirk- 
hoda A, Madrazo B, editors. Pelvic Ultrasound. Baltimore, 
Williams & Wilkins, 1993:255-282, with permission.) 
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Ultrasonography of Benign and Malignant 
Neoplasms of the Testes and Epididymis 


S. Zafar H. Jafri and Joseph M. Silva 


Testicular malignancy is the most common cancer affect- 
ing men 15-35 years of age, and its incidence appears to 
be rising in the Western Hemisphere. In the United 
States the incidence has been rising 2.5% per year, and it 
was estimated that in 1995 approximately 7100 cases and 
370 deaths secondary to testicular cancer would occur.! 
Testicular tumors are uncommon in children and rare in 
neonates (reported incidence 0.5-2.0 per 100,000 with 
peak incidence at 2 years of age) .23 During the 1990s tes- 
ticular cancer has become one of the most curable solid 
neoplasms, with a 5-year survival exceeding 90%.4 This 
high percent is largely credited to more effective treat- 
ment and refinement of the staging modalities. 

The incidence of testicular neoplasm is 6-10 times 
higher in the caucasian than in the noncaucasian popu- 
lation. The reported incidence is highest in Denmark 
and other western European countries and lowest in 
Asian and African countries.5 Evidence seems to indicate 
that genetics plays a role in at least a portion of testicular 
neoplasms. HLA studies suggest a genetic basis, with 
HLA-DR3 being decreased in all forms of testicular can- 
cer and HLA-DW7 and HLA-10 detected in various types 
of testicular cancer. These HLA studies suffer from the 
limited number of cases and their retrospective nature, 
making any definitive conclusions impossible.6 Applica- 
tion of DNA ploidy content can be clinically useful in the 
differential diagnosis of germ cell tumors (GCTs) from 
nongerm-cell tumors. DNA aneuploidy is a characteristic 
marker of germ-cell neoplasms. In one study 90% of 
GCTs manifested aneuploidy DNA.” 

Patients who have survived testicular cancer have a 
contralateral tumor risk that is increased 500 times that 
of the general population.8 This second tumor can arise 
after an interval of 20 years or more. Lifelong follow up 
is recommended, including repeated testicular sono- 
grams and testicular self-examination. Bilateral synchro- 
nous testicular germ cell cancer is uncommon but is be- 
ing increasingly observed, most being seminomas.9-11 
There is increasing interest in performing biopsy of the 
contralateral testis and screening for testicular intraep- 
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ithelial neoplasms (TINs), so-called carcinoma in situ. In 
one large series the incidence of bilateral testicular tu- 
mor at the time of presentation ranged from 1% to 4% 
and a TIN was found in 2-14%.9 

Prior undescended testis is present in approximately 
10% of patients with a testicular neoplasm. It is esti- 
mated that the risk is 3—14 times higher in patients with 
cryptorchidism than in those with normally descended 
testicles. The mechanisms operative in increasing risk 
are unknown and have been attributed to abnormal en- 
docrinologic environment, high temperature, and so on. 
Orchiopexy of the maldescended testis is not 
protective.!2 An additional risk factor is polythelia (su- 
pernumerary nipples), with a relative risk factor for tu- 
mor of 4.5. To date there is no evidence to suggest an in- 
creased incidence of testicular neoplasm in human 
immunodeficiency virus (HIV)-positive patients. 13 


Tumor Markers 


The detection of human chorionic gonadotrophin 
(hCG) and a-fetoprotein (AFP) in the serum of patients 
with testicular cancer has aided significantly in the diag- 
nosis and management of these neoplasms. Current 
monoclonal antibody radioimmunoassays have permit- 
ted detection of microscopic cancer not discernible by 
physical examination or currently available imaging 
techniques.!4 Testicular tumor markers have been 
divided into three categories: (1) protein markers in- 
cluding BhCG, AFP, lactic dehydrogenase (LDH), and 
placental alkaline phosphatase; (2) cytogenetic and 
chromosomal markers; and (3) molecular markers in- 
cluding oncogenes and tumor suppressor genes. 

Serum BhGG is elevated in 40-60% of patients with 
testicular cancer, and its presence implies that there are 
syncytiotrophoblasts in the tumor. These cells are pre- 
sent in choriocarcinomas, embryonal cell carcinoma, 
and pure seminomas.!5 The serum half-life of BhCG is 
20-24 hours, and elevated serum concentrations should 
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return to normal within 7.5 days after surgery if all the 
tumor is removed. 

Serum AFP concentrations are elevated in 50-70% of 
patients with testicular cancer. This marker is not pro- 
duced by pure choriocarcinoma or pure seminoma. The 
serum half-life is 5-7 days. Elevated AFP is nonspecific, 
however, and is seen with other conditions, such as hepa- 
tocellular disease and pancreatic, gastric, and pul- 
monary neoplasms. 

Serum levels of LDH are not routinely measured. LDH 
is useful as a marker only if there is extensive neoplasm 
or for seminomas, as it is elevated in all GCTs including 
pure seminoma and yolk sac tumors. Clinical experience 
with the usefulness of the serum marker placental alka- 
line phosphatase is more limited than the other widely 
used markers. It may be useful for following the course 
of a seminoma. 

It has been shown that duplication of the short arm of 
chromosome 12, designated chromosome 12p or I- 
(12p), is present in a high proportion of GCTs and is 
considered a highly specific marker for tumors of germ 
cell origin.!4 Presently, there are no reliable molecular 
markers that can distinguish GCT from other neo- 
plasms. 

Currently, tumor markers are routinely employed not 
only for diagnosis of GCT but for staging, follow-up, and 
assessing the response to chemotherapy and irradiation. 
Again, these tumor markers are elevated long before de- 
tection of tumor recurrence by physical examination 
and imaging studies. 16 


Clinical Features 


Testicular cancer typically presents as painless testicular 
enlargement or a focal mass noted most commonly by 
the patient, his sexual partner, or rarely a physician on 
routine physical examination. Despite the improvement 
in diagnostic techniques, the mean time interval for di- 
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agnosis from the onset of symptoms has not changed 
over the past five decades, attributed to various factors 
including patient ignorance, denial, fear, and lack of 
awareness of the importance of self-examination. An 
atypical presentation may result in an initial misdiagno- 
sis of acute epididymitis/orchitis or torsion. Rarely, infer- 
tility is the presenting complaint. In approximately 15% 
of patients the presenting symptom results from metas- 
tases, and 5% present with gynecomastia.!7 Physician- 
related factors also play a major role in misdiagnosis. 
The reported incidence of misdiagnosis is 25-44%, re- 
sulting in delayed diagnosis (ranging from 1 to 4 months 
or longer), which may affect the patient’s final outcome, 
as some of these neoplasms are highly aggressive with 
short doubling times.!8 Diagnostic delay can be substan- 
tially reduced by timely utilization of scrotal ultrasonog- 
raphy. The sensitivity of ultrasonography in the diagnosis 
of testicular tumors in one large series was 98%, with a 
specificity of 99.8%.19 

Physical examination should always include initial ex- 
amination of the contralateral testis to provide a baseline 
for comparison with the affected side. Careful palpation 
entails evaluation of homogeneity, consistency, presence 
of a nodule, fixation, and evaluation of the epididymis. 
Any firm, hard, or abnormal area within the testicle 
should be considered a malignancy until proved other- 
wise. If there is any question, it must be further evaluated 
by sonography. 


Classification 


The classification of testicular neoplasms is outlined in 
Table 18.1. 


Seminoma 


Seminomas constitute 40% of germ cell neoplasms. 
They are the most common tumor seen in patients with 


Germ Cell 
Seminoma Non-seminomatous 
“classic”-spermatocytic- Tumors of one histologic pattern 
anaplastic -embryonal carcinoma 
-yolk sac tumor 
-choriocarcinoma 
-teratoma 


-mature, immature, w/malignant transformation 


Tumors showing more than one histologic pattern 
-embryonal carcinoma plus teratoma 
-choriocarcinoma + any other types 

-other combinations 


Non-germ Cell 


Mixed Germ 
Sex Cord-Stromal Tumors Cell-Stromal Tumors Metastages 
-Leydig cell -Gonadoblastoma -Lymphoma 
(interstitial) -Leukemia 
-Sertoli cell -Plasmacytoma 
-Granulosa cell -Carcinoma 


-Mixed/ undifferentiated 
tumors 
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FIGURE 18.2. A 41-year-old man with a history of left orchiec- 
tomy for seminoma presented with pain in the right testicle. 
Sonogram demonstrates a lobulated mass (M) in the midtestis 
with bright echoes (arrow). A small satellite lesion (s) is also 
present. Histologic examination showed the tumor to be a 
seminoma. 


cryptorchidism.20 The incidence of bilateral testicular 
tumor is approximately 4%; and again seminoma is the 
most common GCT seen in such patients.8.9 The mean 
age at presentation of seminoma is 35—42 years, with the 
lesion being rare in children. The right testicle is more 
frequently involved than the left. In nearly 10-12% of 
cases, metastases are detected in the retroperitoneal 
lymph nodes at the time of presentation. Rarely, semi- 
noma initially presents as an extragonadal retroperi- 
toneal mass with the primary tumor in the testicle mani- 
festing several years later.21 Seminoma arising in an 
atrophic testis has also been reported, but the relation 
between an atrophic testicle and the development of 
seminoma is unknown.22 

Sonographically, seminoma presents as a focal, well cir- 
cumscribed, hypoechoic mass in up to 85% of cases.23 In 
the remainder there may be diffuse involvement of the 
entire testicle with a heterogeneous echo pattern and tes- 
ticular enlargement; or there may be multifocal areas of 
hypoechogenicity.24 Testicular microcalcifications are 
seen in about one-third of the cases (see Chapter 17). In 
the presence of a focal mass larger than 1.5 cm, there is 
usually increased vascularity on color Doppler sonogra- 
phy when compared to the adjacent normal testicle (Figs. 
18.1—18.5) .25,26 (See color insert for Fig. 18.1.) 

Seminomas are malignancies of undifferentiated germ 
cells. The most common is the “typical,” or classic, vari- 
ety, constituting 80% of all seminomas. Histologically, 
these lesions are characterized by sheets, nests, or cords 
of uniform tumor cells seen between fibrous trabeculae. 
Intratubular (in situ) tumor cells are found within adja- 
cent seminiferous tubules in more than 85% of cases. 
The typical seminoma is characterized by uniform cells 
with enlarged round nuclei, surrounded by clear cyto- 
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FIGURE 18.3. A 32-year-old man with bilateral testicular mi- 
crolithiasis and diffusely enlarged and heterogeneous right tes- 
ticle. Histologic examination showed the tumor to be a pure 
seminoma. 


FIGURE 18.4. A 35-year-old man presented with painless 
swelling of the left testicle. Longitudinal sonogram demon- 
strates a diffuse, enlarged testicle with a diffuse hypoechoic 
echo pattern. A thin rim of normal testicle is noted anteriorly 
(arrows). Small areas of punctate bright echoes indicative of 
microcalcification are also present (arrowhead). Orchiectomy 
confirmed a seminoma. 
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FIGURE 18.5. Transverse sonogram of the left testicle of a 37- 
year-old man demonstrates a diffusely abnormal echo pattern 
with focal anechoic area (arrows). A few bright echoes sugges- 
tive of microcalcification are also present (arrowhead). 
Surgery confirmed pure seminoma. 


plasm and a distinct cell membrane. The nucleus is 
hyperchromatic and contains one or two prominent 
nucleoli.27-29 Nearly 4-5% of seminomas are of the 
spermatocytic variety and are seen more commonly in 
older patients; they carry an excellent prognosis. They 
have little or no cytoplasmic glycogen and are periodic 
acid-Schiff (PAS)-negative, which helps distinguish them 
from other varieties of seminoma.29 The most aggressive 
seminomas are the anaplastic type. Microscopically, 
these exhibit more than three mitoses per high power 
field and more cytologic pleomorphism. Nearly 40% of 
deaths resulting from seminomas are due to the anaplas- 
tic type. In a small number of seminomas, the presence 
of syncytiotrophoblastic cells results in elevated BhCG 
levels. AFP levels are never elevated.30 


Embryonal Cell Carcinoma 


Embryonal cell carcinoma (ECC), also known as undif- 
ferentiated malignant teratoma, is the second most com- 
mon germ cell neoplasm. It is highly malignant and 
accounts for 20-25% of GCTs and 40% of nonsemino- 
matous testicular GCTs.3! It is present as a component of 
mixed GCT in another 20% of tumors. It affects men in 
the 15- to 35-year age group and occurs most commonly 
during the third decade. It is rare in infants and elderly 
men.32 With most ECCs there are metastases at the time 
of diagnosis, with only 20-30% confined to the testicle 
at presentation. The most common mode of presenta- 
tion is gradual testicular swelling. These lesions can se- 
crete BhCG, AFP, or both. If the tumor is confined to the 
testis, the 5-year survival is 98%; and even with stage II 
disease, the 5-year survival is around 96%. However, in 
patients with distant metastases, the 5-year survival drops 
to 76% (Figs. 18.6, 18.7) .31 
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FIGURE 18.6. Embryonal cell. A 37-year-old man with a history 
of right orchiectomy presented with painless swelling of the left 
hemiscrotum. Longitudinal sonogram revealed a well defined 
focal mass (M) with a hypoechoic halo (arrows). Histologic ex- 
amination revealed large primitive cells that contained overlap- 
ping nuclei and large nucleoli, an ill-defined granular array, 
and multinucleated cells. 


Sonographically these tumors are often hypoechoic, 
but they are more heterogeneous than seminomas. Cys- 
tic changes and calcification may be present. Focal areas 
of increased echogenicity may be secondary to hemor- 
rhage. If the tunica albuginea is involved, the testicular 
architecture is distorted.33 

On cut surface it has a variegated appearance with a 
grayish-white color. There may be areas of extensive 
necrosis and hemorrhage. Microscopically, the cells re- 
semble epithelial cells arranged in glands or tubules. 
The cell borders are indistinct with vacuolated cyto- 
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FiGURE 18.7. Longitudinal sonogram of the right testicle 
demonstrates diffusely abnormal echotexture of the testicle 
with focal area of calcification. Pure embryonal cell carcinoma 
was confirmed at orchiectomy. 
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plasm. The nuclei are rounded with chromatic and large 
nucleoli. Pleomorphism and mitotic figures and the 
presence of giant cells are common.?7,28 Immunohisto- 
chemical studies show positive staining for placental al- 
kaline phosphatase (PLAP), cytokeratin, vimentin, and 
neuron-specific enolase.27 


Yolk Sac Tumor (Endodermal Sinus Tumor) 


The yolk sac tumor (YST) was first described in the testis 
by White in 1910. It is the most common malignant germ 
cell tumor in the prepubertal male patient. In its pure 
form, it is almost exclusively confined to young children, 
usually younger than 2 years of age. It is rare in postpu- 
bertal males and carries a worse prognosis if the child is 
older than 2 years. Fewer than 1% of these tumors are bi- 
lateral.34 

The YST is a germ cell neoplasm that has differenti- 
ated along extraembryonic lines. In addition to the 
testis, it occurs in the ovary and has been recognized at 
several extragonadal sites including the presacral area, 
mediastinum, and pineal gland. Although pure YSTs do 
not occur in adults, YST intermixed with other GCT 
types is a common occurrence. The most frequent pre- 
sentation is a slow-growing asymptomatic mass. In chil- 
dren approximately 90% of these tumors are confined 
to the testicle at the time of presentation.35,36 

The AFP levels are elevated in approximately 80% of 
boys with YST and can be used as a tumor marker for the 
initial diagnosis and subsequent follow-up. BhCG and 
carcinoembryonic antigen (CEA) elevations have been 
reported, but they do not appear to be useful markers 
for YST. Metastases by both hematogenous and lym- 
phatic routes occur with involvement of the retroperi- 
toneum and parenchymal organs, most commonly lung 
and liver.37 

There have been few case reports describing the sono- 
graphic findings of pure YST. Fuse et al.37 described two 
YSTs: One demonstrated a heterogeneous pattern, and 
the other was homogeneous. Thava et al.38 reported a 
13-month-old child with a 5 X 4 cm well defined pre- 
dominantly solid mass with heterogeneous echogenicity 
and randomly distributed anechoic spaces. These ane- 
choic spaces corresponded pathologically to multiple 
fluid containing multiple cysts, vascular channels, and 
areas of necrosis. A case report by McEniff et al.39 de- 
scribed a 17-year-old patient who had bilateral mi- 
crolithiasis, and on his fourth annual routine follow-up 
examination a large asymptomatic hypoechoic mass was 
found. On color Doppler examination, the mass demon- 
strated increased vascularity with a “chaotic” pattern. 

On pathologic examination, these tumors are unen- 
capsulated, homogeneous, grayish-white solid tumors 
with focal cystic areas. On histologic examination they 
resemble the rat yolk sac regions. Hence the preferred 
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term is yolk sac tumor.39 Four basic histologic patterns 
have been described: microcystic, macrocystic, alveolar, 
and papillary. Commonly two or more patterns are pre- 
sent. In addition, the presence of glomeruloid body 
(Schiller-Duval body) is characteristic of this type of 
YST.27 

Treatment is usually orchiectomy for stage I tumor. 
The presence of extratesticular spread requires adjuvant 
chemotherapy and radiation therapy depending on the 
stage of the disease process. It is recommended that pa- 
tients with stage I disease be followed for at least 2 years 
with periodic chest radiographs, CT scans, and AFP de- 
termination.36 


Choriocarcinoma 


Choriocarcinoma is the least common of all GCTs. Its in- 
cidence in pure form ranges from 0.3% to 3.0%, al- 
though it occurs as a component in 23% of mixed GCTs. 
Only 18 of 6000 cases of testicular tumors reviewed by 
Mostofi and none of 1050 cases reported by Collins and 
Pugh were choriocarcinoma.‘! It occurs most commonly 
during the second and third decades of life. In most 
cases it is highly malignant and is prone to hematoge- 
nous and lymphatic spread. The presenting symptom is 
mostly related to metastasis (Fig. 18.8). 

The common sites of metastases are the lung, liver, in- 
testine, brain, periaortic and iliac lymph nodes, spleen, 
and adrenal glands. Gynecomastia is present in 10% of 
cases. BhCG is elevated in all cases, and syncytiotro- 
phoblastic cells are responsible for its production. BhCG 


FIGURE 18.8. Choriocarcinoma in a 41-year-old man with a his- 
tory of choriocarcinoma of the right testicle. CT scan at the 
level of the mid-chest shows bilateral gynecomastia, pulmonary 
nodules (arrows), extensive mediastinal adenopathy (A), and 
left pleural effusion. The patient’s BhCG was 2330 U/ml (nor- 
mal < 8.0 U/ml). 
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stimulates increased testosterone production by the 
testes, which elevates estrogen levels in the blood result- 
ing in gynecomastia. Increased production of thyroxine 
and hyperthyroidism has also been seen in patients with 
choriocarcinoma. 

There are few reports of the sonographic findings of 
choriocarcinoma. They are nonspecific and may demon- 
strate an inhomogeneous solid mass and contain areas of 
calcification. The inhomogeneity is due to areas of hem- 
orrhage and necrosis.#? 

Pathologically, on gross examination it is an ill-defined 
mass with extensive areas of hemorrhage and necrosis, a 
key diagnostic feature. On microscopic examination, gi- 
ant syncytiotrophoblastic cells are seen to be admixed 
with cytotrophoblastic cells. The syncytiotrophoblastic 
cells contain multinucleated hyperchromatic nuclei with 
vacuolated cytoplasm. The cytotrophoblastic cells are of 
medium size with well defined borders and eosinophilic 
or clear cytoplasm. The presence of syncytiotrophoblas- 
tic cells alone, however, does not qualify for a diagnosis 
of choriocarcinoma, as they may be seen in other GCTs. 

The prognosis of choriocarcinoma is poor.27,43 It is re- 
sistant to both chemotherapy and radiation therapy, and 
rapid demise is typical.43 


Teratoma 


Testicular teratoma is a germ cell neoplasm that most com- 
monly occurs in infants and children and accounts for 
14-27% of testicular neoplasms. Teratoma is the second 
most common testicular neoplasm in children, with the 
testicle being the third most common primary site after 
the sacrococcygeal region and ovary.44 When they occur in 
children their biologic behavior is that of a benign neo- 
plasm, but when they present in the adult age group they 
usually contain immature elements and behave as a malig- 
nant neoplasm.45 Mature teratoma is the least aggressive of 
all nonseminomatous GCTs. Teratoma is the second most 
common testicular neoplasm seen in the cryptorchid 
testis. Most patients present with painless swelling. 

Sonographic findings are variable depending on the 
histologic tissue elements present in the neoplasm. They 
are all intratesticular in location, and most contain both 
cystic and solid components represented by areas of 
sonolucency. Any bone and cartilage present manifest as 
focal areas of hyperechogenicity (Fig. 18.9).46 No in- 
creased flow is demonstrable in these tumors on color 
Doppler evaluation. The serum tumor markers are 
normal. 

Teratomas are derived from one or more of the three 
germ cell layers. The ectodermal elements include squa- 
mous epithelium and neural tissues; the endodermal ele- 
ments consist of gastrointestinal, respiratory tissues, and 
mucous glands; and the mesodermal elements are bone, 
cartilage, and muscle. 


299 


FIGURE 18.9. Teratoma in a 15-year-old boy also presented with 
a painless mass in the left testicle. Transverse sonogram at the 
upper pole of the testicle demonstrates two areas of increased 
echogenicity, one of which also demonstrates acoustic shadow- 
ing (arrows). Histologic examination revealed a benign mature 
teratoma. 


There are three histologic subtypes described in the 
World Health Organization (WHO) classification: ma- 
ture, immature, and teratoma with malignant transfor- 
mation.?7 On gross examination the cut surface of the 
neoplasm is seen to contain both solid and cystic compo- 
nents. The cystic contents may exhibit mucinous or seba- 
ceous materials, and the solid portion of the tumor may 
have foci of bone, cartilage, and thyroid tissue, which in- 
dicate mature teratoma.27.29 The immature component 
refers to the less differentiated elements containing 
primitive-appearing tissues, whereas malignant transfor- 
mation implies identification of malignant components, 
such as squamous cell carcinoma or sarcoma. 

The biologic behavior of this neoplasm is more related 
to the age of presentation of the tumor than the histo- 
logic composition. Pure adult teratomas behave as other 
malignant nonseminomatous GCTs (NSGCTs) and as 
such are treated as malignant neoplasms (Fig. 18.10). 
They are rare and in one large review only 41 of 1708 NS- 
GCTs were pure teratomas. They are more common in 
the right testicle, and it is rare to have bilateral teratomas. 

The metastatic component of a teratoma may contain 
pure teratoma, but it is not uncommon to find other NS- 
GCT elements, such as embryonal cell carcinoma, yolk 
sac tumor, choriocarcinoma, or any combinations of 
these NSGCT tissues. Although pure teratoma is an un- 
common tumor, it is a frequent component of mixed 


GCTs.47 
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FIGURE 18.10. Teratoma in a 36-year-old man who presented 
with right testicular pain. (A) Sonogram demonstrates a lobu- 
lated cystic mass with focal area of calcification (arrow). Micro- 
Scopic examination confirmed a mature teratoma. (B) Con- 
trast-enhanced head CT revealed a 4 X 5 cm mass (M) in the 
left cerebellum with surrounding vasogenic edema and mass ef- 


Mixed Germ Cell Tumors 


Any tumor that contains more than one histologic ele- 
ment is considered a mixed GCT. They are the second 
most commonly observed testicular neoplasm and ac- 
count for 40% of primary testicular tumors. There are 
nearly a dozen possible combinations. Teratocarcinoma 
with elements of both teratoma and embryonal cell car- 
cinoma is the most frequent mixed pattern. Pure embry- 
onal cell carcinoma, yolk sac tumor, and choriocarci- 
noma are rare; but their presence is common in mixed 
GCTs, with an incidence ranging from 4% to 70% (Figs. 
18.11-18.13). 

The biologic behavior of a mixed GCT is similar to 
that of its most aggressive and most preponderant ele- 
ment.16.34 The sonographic and histologic findings like- 
wise are variable depending on the nature and cell com- 
ponents with areas of cysts, hemorrhage, and necrosis. 
The pathology report should list all the elements present 
in the tumor as well as indicating which elements domi- 
nate the histologic pattern.48 


Sex Cord/ Stromal Tumors 


Non-GCTs, collectively called sex cord and gonadal stro- 
mal tumors, comprise 5% of all primary testicular neo- 
plasms. They include primary Leydig cell tumor, Sertoli 
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fect causing obstructive hydrocephalus. Although the testicular 
tumor had benign histology, it behaved clinically as an aggres- 
sive malignant neoplasm. (A: From Jafri SZH, Nussdorfer MC, 
Silva JM et al. Sonography of testes and scrotum. In: Shirkhoda 
A, Madrazo BL, editors. Pelvic Ultrasound. Baltimore, Williams 
& Wilkins, 1993, Ch. 14, with permission.) 


cell tumor, and granulosa cell tumor. In addition, the 
WHO recognizes mixed forms and incompletely differ- 
entiated forms. Most sex cord stromal tumors are be- 
nign, and many are hormonally active at the time of pre- 
sentation. 


Leydig Cell Tumor 


Leydig cell tumors (LCTs) were first reported by Sachi 
in 1895 and account for 1-3% of all testicular neo- 
plasms. They are the most common sex cord stromal tu- 
mors. They are often benign (90%) and in children are 
believed to always be benign.49 Their mode of presenta- 
tion is variable depending on the age of presentation. In 
the prepubertal age group, they occur commonly be- 
tween the ages of 5 and 9 years but have been described 
as early as 2 years of age. 

The presenting symptoms in these children are isosex- 
ual precocious puberty, with macrogenitosomia and de- 
velopment of secondary male sexual characteristics, such 
as pubic hair and virilization.50.51 Gynecomastia and in- 
fertility are the presenting symptoms in nearly 30% of 
patients when the tumor presents in young adults.52.53 
When it occurs in older men (> 60 years), there is an in- 
creased incidence of malignancy. LCTs have also been 
described in patients with Nelson syndrome (pituitary 
tumor after adrenalectomy), in combination with con- 
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FIGURE 18.11. Mixed germ cell: teratocarcinoma/ embryonal 
cell carcinoma. Sonogram of the right testicle shows a diffusely 
hypoechoic testicle with a focal area of calcification (arrows). 
Histologic examination revealed tumor occupying more than 
half of the testicle with the tumor extending through the testic- 
ular capsule into the epididymis. The tumor was composed of 
embryonal cell carcinoma and teratocarcinoma. 


genital adrenal hyperplasia, and with Klinefelter syn- 
drome.5455 

A palpable mass is not always present, and sonography 
may be required to identify such small neoplasms (Fig. 
18.14). Single or multiple masses may be present, which 
occur bilaterally in approximately 10% of cases. They 
may be either hypo- or hyperechoic in nature, and rarely 
calcification is present, producing acoustic shadowing.56 

Pathologically, most LCTs are well circumscribed, en- 
capsulated, and lobular in appearance owing to fibrous 
trabeculae. Microscopically, there is a proliferation of 
large hexagonal cells arranged in sheets or broad cords 
with fibrous trabeculae. The cellular cytoplasm is 
eosinophilic or vacuolated with indistinct cell bound- 
aries. The nucleus tends to be discrete and round to 
oval. Mitotic activity is less than 1 or 2 per 10 high power 
fields. The pathognomonic Reinke crystal is observed in 
only 40% of LCTs. It is intensely eosinophilic and rectan- 
gular with well defined borders.27.28 

Endocrinologically, LCT shows elevation of serum es- 
triol (Ey), probably secondary to an increase in the num- 
ber of Leydig cells. There is depression of serum testos- 


FIGURE 18.12. ECC/teratoma/yolk sac tumor. Transverse sono- 
gram of the left testicle in a 21-year-old man with a history of 
recent trauma demonstrates a diffusely abnormal echo pattern 
with areas of cystic and solid components. Histologic examina- 
tion confirmed the presence of mixed germ cell tumor with 
combined histologic pattern of embryonal carcinoma, ter- 
atoma, and yolk sac tumor. 


FIGURE 18.13. This patient had a history of injury a year prior 
to presentation with intermittent left testicular pain and ten- 
derness. Sagittal sonogram reveals a focal mass with cystic and 
echogenic components in the upper pole (M). Color Doppler 
(not shown) revealed increased flow relative to the surround- 
ing testicular parenchyma. Both AFP and BhCG were elevated. 
Orchiectomy specimen confirmed mixed germ cell tumor con- 
taining embryonal cell carcinoma, teratoma, and a small com- 
ponent of choriocarcinoma. 


302 


FIGURE 18.14. (A) Leydig cell tumor. A 35-year-old man pre- 
sented with gynecomastia and a nonpalpable testicular mass. 
Right testicular sonogram demonstrated a 1.5 cm focal hypo- 
echoic mass (arrow). Microscopic examination revealed a 
diffuse pattern of large polygonal cells with abundant 
eosinophilic cytoplasm. A Reincke crystalloid was identified in 


terone. Luteinizing hormone is decreased through a 
negative feedback mechanism of elevated Es. The ele- 
vated Eo directly inhibits the 17a-hydroxylase and 17-20 
lyase activity in Leydig cells, which leads to suppression 
of testosterone production. In the presence of elevated 
estriol levels but no detectable mass on sonography, se- 
lective venous sampling has been advocated to detect the 
origin of estrogen. The above endocrinologic abnormal- 
ities result in decreased spermatogenesis, more promi- 
nent on the affected side.57 


Sertoli Cell Tumor 


The Sertoli cell tumor, first described by Telium in 1944, 
accounts for 1% of all testicular neoplasms and 17% of 
non-GCTs. It is usually benign and occurs at all ages but 
is most commonly seen in the prepubertal age group.49 
The most common mode of presentation is a unilateral 
painless mass or size asymmetry of the testis. The testis 
may feel rock-hard. Most of these tumors are hormonally 
inactive, but approximately 20% have associated gyneco- 
mastia as one of the presenting signs.58 Most Sertoli cell 
tumors are benign, although 10% are reported to be ma- 
lignant. The incidence of gynecomastia is higher in pa- 
tients with malignant tumors, and it is usually a present- 
ing feature. 
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the tumor. (B) Xeromammogram of the right breast demon- 
strates gynecomastia. (From Jafri SZH; Nussdorfer MC, Silva JM 
et al. Testes and scrotum. In: Shirkhoda A, Madrazo B, editors. 
Pelvic Ultrasound. Baltimore, Williams & Wilkins, 1993, Ch. 14, 
with permission.) 


There have been several reports of rare and unusual 
variants, which are bilateral, multifocal, and contain cal- 
cifications. They have been termed large cell calcifying 
Sertoli cell tumors (LCCSCTs) 59-62 They may be associ- 
ated with complex endocrine disorders with isosexual 
precocity, spotty pigmented lesions of the skin, adrenal 
cortical hyperplasia, pituitary adenoma, and cardiac and 
cutaneous myxoma (Carney’s complex) .63.64 LCCSCTs 
have also been described in association with tuberous 
sclerosis and Peutz-Jegher syndrome and in patients with 
pituitary tumor and gigantism.65,66 

Sonographic examination reveals unilateral or bilat- 
eral masses. The testis may be enlarged with a diffusely 
inhomogeneous echo pattern with increased echogenic- 
ity. A discrete mass may not be present. In cases of 
LCCSCT, there are multiple large echogenic foci with 
acoustic shadowing due to the presence of large calcifi- 
cations. Color Doppler imaging in one case revealed 
minimal increased flow (Figs. 18.15, 18.16) .58- 62 

On pathologic examination the tumor nodules are 
seen to be well delineated and predominantly yellow or 
orange-tan. They are devoid of hemorrhage or necrosis. 
Microscopic examination shows uniform cells with abun- 
dant eosinophilic glassy or finely granular cytoplasm and 
a tubular arrangement of cuboidal or columnar cells. 
The tumor cells may contain abundant intracytoplasmic 
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FIGURE 18.15. (A) Sertoli cell tumor with Puetz-Jaegher syn- 
drome. This 12-year-old boy initially presented with abdominal 
pain. A small bowel series demonstrated a polypoid mass with 
intussusception (arrows). At surgery it was confirmed as a be- 
nign hamartoma. Mucocutaneous pigmentation was seen in 
the buccal mucosa. (B) Longitudinal sonogram of the right tes- 
ticle demonstrates large calcified mass in the mid-testis. Histo- 
logically, Sertoli cell tumor with prominent focal calcifications 
was demonstrated. (From Jafri SZH, Nussdorfer MC, Silva JM 
et al. Sonography of testis and scrotum. In: Shirkhoda A, 
Madrazo BL, editors. Pelvic Ultrasound. Baltimore, Williams & 
Wilkins, 1993, Ch. 14, with permission.) 


lipids, either as fine droplets or large vacuoles. The nu- 
clei show minimal pleomorphism and have a distinct nu- 
clear membrane. Immunoperoxidase staining demon- 
strates S-100 protein, and they are vimentin-positive. In 
addition, Reinke crystals, which are a hallmark of Leydig 
cell tumors, are absent. 


Granulosa Cell Tumor 


Granulosa cell tumor of the testis is rare. These tumors 
contain elements of sex cord origin. They are generally 
benign, although at least two cases of malignancy have 
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FIGURE 18.16. Sertoli cell tumor with cutaneous myxoma in a 6- 
year-old boy with painless testicular swelling. Transverse sono- 
gram demonstrates bilateral echogenic masses (arrows). Pa- 
tient underwent bilateral orchiectomy, which confirmed the 
presence of a large cell calcifying Sertoli cell tumor. This child 
also underwent excision of a left auditory canal cutaneous 
myxoma. 


been reported.50 They can present at two age peaks. The 
prepubertal type occurs from the newborn period to 30 
months, with 75% seen during the first month of life. 
When they present in the adult population, they occur 
during the fifth and sixth decades of life.50,66 

Granulosa cell tumor presents as a painless testicular 
Mass or is associated with gynecomastia. In children, 
when they occur in an undescended testis there is an in- 
creased incidence of structural abnormalities of the Y 
chromosome or mosaicism. Among such patients, 10% 
have mixed gonadal dysgenesis or ambiguous genitalia.50 
Sonography may reveal a nonspecific discrete hypoe- 
choic mass or a multicystic “Swiss cheese” pattern (Fig. 
18.17) .67 

On pathologic examination these neoplasms are seen 
to be soft to firm white to yellow masses. The histologic 
features are variable with a trabecular, microfollicular, or 
solid pattern. In the juvenile type, there may be multiple 
cysts intermixed with solid nodular areas and lined by 
granulosa-like cells.27.67 The treatment of granulosa cell 
tumor is orchiectomy. 


Gonadoblastoma 


Gonadoblastomas were first described by Scully in 1953. 
They are rare tumors and contain an admixture of germ 
cells and sex cord cells. They usually arise in dysgenetic 
gonads. These. tumors are generally benign but carry a 
potential for malignant change, usually to dysgermi- 
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FIGURE 18.17. Granulosa cell tumor. Longitudinal sonogram of 
the right testicle in a child demonstrates that the entire testis is 
replaced by multiple cystic areas (Swiss cheese). Orchiectomy 
confirmed a granulosa cell tumor. (From Jafri SZH, Nussdor- 
fer MC, Silva JM et al. Sonography of testis and scrotum In: 
Shirkhoda A, Madrazo BL, editors. Pelvic Ultrasound. Baltimore, 
Williams & Wilkins, 1993, Ch. 14, with permission.) 


noma. Clinical examination may demonstrate a streak 
gonad. Genital ambiguity may also be present. There has 
been only one report describing the sonographic find- 
ings, which showed a homogeneous mass with multiple 
sonolucent areas (Fig. 18.18).68 On histologic examina- 
tion the gonadoblastoma exhibits the presence of mixed 
germ cells, granulosa cells, and Leydig cells. Calcifica- 
tion may be present. 

In children with gonadal dysgenesis and ambiguous 
genitalia, there is an increased risk for development of 
bilateral Wilms’ tumor (Drash syndrome). Yearly sonog- 


FIGURE 18.18. Gonadoblastoma. Transverse image of the scro- 
tum demonstrates replacement of the right testis by a heteroge- 
neous Mass containing multiple cystic areas (arrows). The left 
testis (L) is normal. (From Luisiri et al.,68 with permission.) 
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raphy of the kidneys has been recommended for surveil- 
lance.40,50 Bilateral orchiectomy is advocated, as nearly 
one-third occur as bilateral tumors. 


Testicular “Tumors” 
of Adrenogenital Syndrome 


Adrenogenital syndrome (AGS) is an autosomal reces- 
sive enzymatic defect that results in a deficiency of 21- 
hydroxylase, which in turn, owing to a feedback mecha- 
nism, elevates adrenocorticotrophic hormone (ACTH) 
levels. Sustained elevation of ACTH stimulates adrenal 
rest tissue present within the testes, resulting in in- 
creased testicular size. Clinically detectable nodules oc- 
cur in only a small number of cases. The frequency of 
AGS is 1:14,000 births, but the frequency with which 
testicular “tumors” of adrenal rest (TTAGSs) occur in 
AGS is unknown. In addition to 21-hydroxylase defi- 
ciency, which occurs in most cases (95%), the remain- 
der show deficiency of either 11-hydroxylase or 17- 
hydroxylase.69,70 These hormonal deficiencies are pre- 
sent at birth. Most cases manifest during the second 
decade of life. The incidence of TTAGS is high in pa- 
tients who have been poorly controlled hormonally.69 

Clinically, these patients present with a history of sex- 
ual precocity with virilization and hypertension. The 
child may show rapid growth initially, but eventually his 
height is stunted. It is not uncommon that AGS is not di- 
agnosed until or after the development of bilateral testic- 
ular enlargement, which may be symmetric or asymmet- 
ric. Testicular enlargement may evolve at a slow rate and 
go undetected. Rarely, these lesions are first noticed dur- 
ing an infertility work-up, as there is an increased inci- 
dence of infertility among these patients. The impaired 
spermatogenesis has been blamed on excess androgen 
production or physical compression of the seminiferous 
tubules by the proliferating adrenal rest tissue in the tes- 
ticles.69,71 

Sonographic findings in patients with TTAGS are vari- 
able. These lesions are always multifocal, and in most 
cases the findings are present in both testicles. The 
testes are enlarged and show multiple hypoechoic nod- 
ules. There may be areas of acoustic shadowing due to fi- 
brosis (Fig. 18.19).72 The sonographic findings are non- 
specific and Shawker’s group recommended that the 
diagnosis of adrenal rest tumors be based on functional 
parameters. Testicular vein samples must be obtained to 
detect a gradient of cortisol and other adrenal products 
between the peripheral blood and testicular venous 
blood.73 

Once the diagnosis is established, sonography can be 
utilized to monitor the response to therapy, as treatment 
of this condition is hormonal, not bilateral orchiectomy. 
On pathologic examination, Leydig cell tumors and 
adrenal rest tumors are morphologically similar. The 
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FIGURE 18.19. (A & B) Adrenogenital syndrome in a 21-year-old 
with history of congenital adrenal hyperplasia on steroid re- 
placement. Longitudinal sonogram of the testes demonstrates 
a diffusely heterogeneous echo pattern with focal areas of 


only difference is that there is absence of Reinke crystal- 
loids in adrenal rest tumors. Unfortunately, the Reinke 
crystalloids are identified in only 40% of Leydig cell tu- 
mors. Regression of tumor after ACTH suppression by 
dexamethasone is considered diagnostic of adrenal rest 
tissue, as the Leydig cell tumor does not regress after 
steroid therapy. If there is extensive fibrotic tissue pre- 
sent in the TTAGS, however, the testicular size may not 
decrease. Detection of increased cortisol levels is helpful, 
as it is not elevated in patients with Leydig cell tu- 
mors. 70,74 


Carcinoid of the Testis 


First reported in 1954 by Simon et al. primary carcinoid 
of the testis is rare, accounting for 0.23% of all testicular 
neoplasms.75 It may present as a primary neoplasm of 
the testicle, a mixed carcinoid with teratoma, or a meta- 
static deposit to the testis from carcinoid elsewhere in 
the body, such as the gastrointestinal tract or lungs.75,76 
These tumors are more commonly seen in older patients 
but have been described at ages ranging from 10 to 83 
years. Most patients present with a painless solitary testic- 
ular mass. Uncommonly, large tumors tend to present 
with metastases and exhibit features of carcinoid syn- 
drome. 

Few cases have been evaluated with sonography. The 
mass is commonly hypoechoic with well defined borders. 
Focal areas of calcification may also be seen. The sono- 
graphic findings, however, are nonspecific.76.77 On gross 
examination, the tumors are predominantly solid and 
yellow-tan. Cystic degeneration and focal calcification 


sound attenuation. An open biopsy of the left testicle con- 
firmed the presence of a testicular tumor due to the 
adrenogenital syndrome. 


may be present. Tumor necrosis, hemorrhage, and vas- 
cular invasion have also been described.75,78 Histologi- 
cally, the key to diagnosis is presence of argyrophilic 
granules that stain positive with Grimelius stain and flow 
cytometry. DNA studies show a distinctive ploidy pattern. 
The tumors are DNA aneuploid with a characteristic 
near-diploid DNA index. 

Most of the patients with this tumor have a benign 
clinical course. Patients with large tumors and symptoms 
of carcinoid syndrome may have a prolonged clinical 
course, and death usually results from distant metastases. 


Adenocarcinoma of the Rete Testis 


Adenocarcinoma of the rete testis was first reported by 
Feek and Hunter in 1945. Since then fewer than 50 cases 
have been reported in the literature. These tumors com- 
monly affect older men (mean age 54 years), predomi- 
nantly white men. It usually presents as a unilateral pain- 
less scrotal mass. Only one case of a synchronous 
bilateral tumor has been reported. Nearly two-thirds of 
patients present with metastasis or develop metastasis 
within 12 months of presentation.79 Histories of cryp- 
torchidism, trauma, chronic epididymitis, hydrocele/ 
hematocele, and scrotal abscess have been reported. The 
significance of such associations is unclear. 

There have been only a few case reports of sono- 
graphic findings that demonstrated a well marginated, 
multicystic, septated, intratesticular lesion in the upper 
pole of the testis. The cysts contained solid echogenic 
nodules. These findings must be differentiated from the 
common benign cysts of the rete testis: Nodular septa- 
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tions are absent in the benign cysts. Metastases occur in 
the retroperitoneal lymph nodes, lung, liver, and else- 
where.80 

Microscopic examination demonstrates a tubulopapil- 
lary adenocarcinoma. The cellular pattern shows dilated 
tubules with tall columnar cells with basal nuclei contain- 
ing one small nucleoli. Nonneoplastic remnants of the 
rete testis is seen adjacent to the neoplasm in most 
cases.27,29 


Lymphoma/Leukemia 


Malignant lymphoma of the testis is one of the most 
common neoplasms seen in older men, and nearly 80% 
occur in men over age 50. First reported by Malassez in 
1877, it is the most common bilateral testicular neo- 
plasm. The lesions may be synchronous or asynchro- 
nous, with the latter occurring more frequently. Malig- 
nant lymphoma accounts for 1-7% of all testicular 
neoplasms and is virtually limited to non-Hodgkin’s lym- 
phoma.8! Involvement of the testis in Hodgkin’s disease 
is rare. Up to 3.8% of patients with Burkitt’s lymphoma 
have testicular tumor as the main presentation.82 Al- 
though there are a few anecdotal cases of testicular lym- 
phoma in patients with acquired immunodeficiency syn- 
drome (AIDS), there is no reported increased incidence 
of testicular lymphoma in such patients.83.84 Leukemias 
and lymphomas account for 10% of testicular neoplasms 
in pediatric age groups. The incidence at autopsy is 
much higher than is apparent clinically.84 

Primary lymphoma or leukemia of the testis, without 
evidence of recurrence in a nontesticular site does oc- 
cur, but in most patients it appears as a late manifesta- 
tion of the disseminated disease. This late presentation is 
mainly attributed to the testis being a sanctuary site sec- 
ondary to a “gonadal barrier” that inhibits concentration 
of chemotherapeutic agents.85 

Sonographic findings are variable and may demon- 
strate single or multiple hypoechoic foci with enlarge- 
ment of the testicle. Radiating hyperechoic striations 
due to infiltration of the lymph vessels along the inter- 
lobar septa has also been described. Uncommonly, 
the spermatic cord and epididymis are the main site of 
involvement rather than the testicle. This pattern has 
been shown in both Burkitt’s and non-Burkitt’s lym- 
phoma.86 - 89 

Color Doppler sonography uniformly shows increased 
intralesional flow in areas of lymphomatous and 
leukemic involvement irrespective of the size of the tu- 
mor. This sign may aid in visualization of subtle hypoe- 
choic foci not apparent on initial gray-scale studies. In 
addition, there may be increased flow demonstrated in 
the epididymis, which may be indistinguishable from an 
inflammatory process such as epididymoorchitis (Figs. 
18.20, 18.21; see color insert). The lack of an appropri- 
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FIGURE 18.20. (A & B) Malignant lymphoma in a 69-year-old 
man who presented with a right testicular mass. Gray-scale and 
color Doppler images demonstrate diffuse lobulated hypo- 
echoic areas with multiple right echoes and markedly in- 
creased flow. Orchiectomy confirmed the presence of a malig- 
nant large cell lymphoma with diffuse infiltration of large cell 
lymphocytes. For (B), see color insert. 


ate clinical setting, such as pain and scrotal skin thicken- 
ing, helps in arriving at a correct diagnosis.81,82,84,88 

Pathologically, the testis is enlarged, with epididymal 
enlargement a common finding. Most of the tumors 
show diffuse replacement of the entire testicle. Spread 
beyond the tunica albuginea and spermatic cord is seen 
in 10% of cases. Pathologically, there may be focal nod- 
ules or diffuse involvement. Histologically, there is pre- 
dominant interstitial proliferation of malignant cells 
with relative sparing of seminiferous tubules. In dubious 
cases, immunohistochemical techniques may be helpful 
for establishing the correct diagnosis, as they show reac- 
tivity to lymphoid markers in the absence of PLAP and 
cytokeratin antibodies, which are positive in typical semi- 
noma and embryonal carcinoma.21,28 With Burkitt’s lym- 
phoma, the tumor is comprised of primitive stem cells 
that are homogeneous with large, round nuclei and mul- 
tiple nucleoli and irregular chromatin. Benign mi- 
crophages are admixed, with the tumor cells forming the 
characteristic “starry sky” appearance.8! 


Metastases 


Metastases to the testis are uncommon and are mostly 
discovered incidentally at autopsy. The common primary 
sites include prostate, lung, gastrointestinal tract, 
melanoma, and kidney. Other sites reported include 
pancreas, urinary bladder, thyroid, neuroblastoma, 
schwannoma of the chest wall, and retinoblastoma in a 
child. Metastases from carcinoma of the prostate ac- 
count for 75% of bilateral metastases to the testis. The 
route of spread may be hematogenous or lymphatic, ret- 
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rograde extension through the vas deferens, or direct in- 
vasion from contiguous masses. In cases of primary carci- 
noma of the kidney and retroperitoneum, the possibility 
of tumor spread via the spermatic vein has also been sug- 
gested.89,90 

Sonographic findings are nonspecific and may indi- 
cate a focal mass. Increased vascularity has been re- 
ported in metastatic masses from carcinoma of the 
prostate including those less than 1 cm in size.9! In any 
testicular mass and, more importantly, in bilateral masses 
in older patients or in a patient with known malignancy 
the possibility of metastatic deposit to the testicle should 
always be considered (Figs. 18.22, 18.23). 


Epidermoid Cyst 


Epidermoid cyst of the testis was first reported by Dock- 
erty and Priestley in 1942. An uncommon benign neo- 
plasm of the testis, it is thought to represent monoder- 
mal development of a teratoma. To date, nearly 200 
cases have been reported in the literature. 

Epidermoid cysts appear from the first to eighth 
decade, although, more than 85% occur between the 
second and third decades. These lesions typically present 
as a painless testicular nodule or a mass found inciden- 
tally on routine physical examination. Bilateral nodules 
have also been reported but are rare. 

Sonography plays a vital role in the diagnosis of these 
epidermoid cysts, as they commonly present as well 
defined single or multiple intratesticular hypoechoic 
masses. The mass shows the characteristic lamellar 
swirling configuration or concentric rings similar to the 
cross section of an onion; or it has a target-like appear- 


FIGURE 18.22. (A&B) Metastases. A 75-year-old man with a his- 
tory of renal cell carcinoma presented with a right groin mass. 
Gray-scale and color Doppler sonograms demonstrate a large 
heterogeneous mass with increased vascularity. Excisional 
biopsy confirmed metastases from a renal cell carcinoma. For 
(B), see color insert. 
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FIGURE 18.23. A 67-year-old man with an elevated prostate-spe- 
cific antigen (PSA) test. Longitudinal sonogram of the left tes- 
ticle demonstrates an atrophic hypoechoic testicle. The patient 
underwent bilateral orchiectomy. Histologic examination con- 
firmed metastatic prostate carcinoma. Moderate hydrocele was 
also present. 


ance (Fig. 18.24). Calcification of the wall or within the 
mass may also be present. If such sonographic findings 
are seen, the possibility of an epidermoid cyst must be 
entertained as these lesions, though rare, are benign 


=> 
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FIGURE 18.24. Epidermoid cyst. A 34-year-old man was found to 
have an incidental right testicular mass (arrows) during rou- 
tine examination prior to vasectomy. Sonogram demonstrated 
a focal hypoechoic mass confined to the testicle with an 
echogenic ring within the lesion (arrowheads). 
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neoplasms and require only surgical enucleation, not or- 
chiectomy.92-96 

The established histologic criteria rest on the demon- 
stration of an intratesticular location and a discrete strat- 
ified squamous lining of the cyst. No skin appendages 
are present. No other teratomatous elements should be 
present, and it is important that the entire cyst be thor- 
oughly examined.97 


Occult and Nonpalpable Testicular Neoplasm 


In 1961 Azzopardi described 17 patients who died with 
widespread choriocarcinoma and other nonseminoma- 
tous GCTs. A primary tumor in the testicle was not pre- 
sent in any of these patients. Instead, a dense fibrous 
scar was found that was acellular and contained collage- 
nous tissue. All the scars demonstrated hematoxyphilic 
bodies composed of phospholipids, protein debris, de- 
oxyribonucleic acid, and calcium phosphate. These find- 
ings are not seen in the normal testis and were thought 
to represent necrotic remnants of GCTs. Demonstration 
of these “burned out” tumors, or scar, is important for 
differentiating them from extragonadal germ cell neo- 
plasms. This finding becomes especially important when 
the biochemical tumor markers are not elevated.98 

In a few reported cases, sonography has played an im- 
portant role in identifying these small, impalpable tu- 
mors (scars) as small, intratesticular linear areas of 
increased echogenicity. The findings should be dif- 
ferentiated from the normal echogenic band of the me- 
diastinum testis. Identification of these Azzopardi scars 
obviates unnecessary orchiectomy in patients with dis- 
seminated disease (Figs. 18.25, 18.26). 

In addition, many patients undergo routine sonogra- 
phy as part of an infertility workup. There have been sev- 
eral reports of small impalpable, less than 1 cm nodules 


FIGURE 18.25. Occult lesion. (A) Computed tomography of the 
abdomen at the level of the mid-kidneys demonstrates low den- 
sity lymphadenopathy encasing the aorta and inferior vena 
cava (arrows). (B) Sagittal sonogram of the same patient 
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in the testicles. Most of these nodules are secondary to 
small Leydig cell tumors. Sonographic examination 
showed them as small hypoechoic intratesticular nod- 
ules without calcification. Intraoperative sonography 
has also been utilized to correctly localize these small tu- 
mors in order to plan conservative testicle-preserving 
surgery.99-101 


Routes of Metastatic Spread 


Aside from choriocarcinoma, which tends to produce 
early hematogenous metastases, the primary route of dis- 
semination of GCTs is the lymphatic system. Thus thor- 
ough understanding of the pattern of testicular lym- 
phatic drainage is essential. There are four to eight 
collecting lymphatic trunks that emerge from the medi- 
astinum testes and accompany the spermatic cord and 
vessels through the internal inguinal ring. At this level 
the spermatic vessels cross ventral to the ureter, and the 
lymphatic channels fan out in caudally concave arches to 
the lymph nodes around the aorta and inferior vena cava 
(IVC) throughout the upper and lower lumbar regions 
to the level of the renal vessels. On the right, the lym- 
phatics most commonly terminate in lymph nodes at the 
level of L,;-Ls anterior, medial, and lateral to the vena 
cava and anterior (but not lateral) to the aorta. Lym- 
phatic drainage on the left is primarily to nodes lateral 
and anterior (but not medial) to the aorta at the level of 
L,-L», just caudal to the renal vessels.102-104 Initial lym- 
phatic drainage is commonly into the “sentinel” nodes 
lateral to the paralumbar lymphatics in the renal perihi- 
lar region on the left and in the paracaval region caudal 
to the renal vessels on the right, paralleling the drainage 
of the left spermatic vein into the left renal vein and 
right spermatic vein into the [VC.105 Lymphatic drainage 


demonstrates echogenicity in the inferior pole of the testis sec- 
ondary to a “burned out” testicular tumor (arrow). Patient un- 
derwent orchiectomy, which revealed seminoma. 
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FIGURE 18.26. (A) Lymphatic drainage of the testes. “Echelon” nodes are not opacified by conventional lymphography. 


(B) Retroperitoneal nodal groups at the level of the second lumbar vertebra. 
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FIGURE 18.27. (A) A 15-minute film during intravenous urogra- 
phy demonstrates a nonfunctioning left kidney (K) and a large 
calcified mass occupying the left side of the abdomen due to 
extensive retroperitoneal adenopathy (arrows). (B) Contrast- 
enhanced CT scan of the abdomen confirms a large left 
paraaortic mass with calcifications and necrotic foci. BhCG was 
positive. Biopsy confirmed metastases from a testicular terato- 
carcinoma. Patient was treated with radiation therapy. 


of the epididymis is to the external iliac chain (Fig. 
18.27). 

The distribution of nodal metastasis has been well de- 
scribed. It usually follows a predictable pattern based on 
the aforementioned lymphatic pathways. Right-sided tu- 
mors primarily involve the interaorticocaval, precaval, 
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preaortic, paracaval, right common iliac, and right exter- 
nal iliac nodes, in that order. Left-sided tumors involve 
the paraaortic, preaortic, left common iliac, and left ex- 
ternal iliac nodes, in that order!02,106 (Fig. 18.28). 

Midline crossover of lymphatic drainage does occur, 
and hence metastatic deposits are seen. Crossover from 
right to left is more common with involvement of para- 
aortic, left common iliac, and left external iliac nodes. 
Left-to-right spread is rare with involvement of the in- 
teraortocaval, precaval, right common, and external iliac 
nodes. Overall, with ipsilateral nodal involvement con- 
tralateral disease is present in 13-20% of cases. In 
the absence of ipsilateral metastatic involvement, the 
incidence of contralateral nodal involvement is 
low.102,105-107 Therefore the diagnosis of contralateral 
nodal involvement in the absence of spread to ipsilateral 
nodes should be treated with skepticism. 103 

As with contralateral spread, suprahilar, retrocrural, 
and iliac nodal involvement is usually seen only with 
more advanced disease. Whereas iliac involvement usu- 
ally reflects retrograde spread, early iliac involvement 
may be seen with aberrant lymphatic drainage or in 
cases of invasion of the epididymis or spermatic cord. 
Further spread from the retroperitoneal lymph nodes 
may occur via the thoracic duct to the left supraclavicu- 
lar node, subclavian vein, base of the neck, mediastinum, 
and lungs. Rarely, there is direct transdiaphragmatic 
communication between the retroperitoneal and medi- 
astinal lymph nodes.105 -108 Lastly, involvement of the in- 
guinal nodes may occur in patients with scrotal invasion, 
prior scrotal or inguinal surgery (via disruption of the 
normal lymphatic pathways), or massive retroperitoneal 
disease.109 

Hematogenous metastases may occur via direct inva- 
sion of the spermatic vessels or via venous communica- 
tions with lymphatics. The thoracic duct with its direct 
venous drainage is a common route; and as would be ex- 
pected, the lung is the most common site of hematoge- 
nous dissemination (Fig. 18.29), followed by the liver, 
brain, kidney, gastrointestinal tract, bone, adrenal 
glands, peritoneum, and spleen, in order of decreasing 
frequency.108,110 Involvement of organs other than lung 
is a late occurrence in the course of disease and is usually 
associated with involvement of other sites. Hematoge- 
nous spread is especially predominant with choriocarci- 
noma and embryonal carcinoma. A disproportionately 
high incidence of brain metastasis with choriocarcinoma 
and of bone metastasis with seminoma has been re- 
ported.110 The histologic features of metastasis are usu- 
ally similar to those of the primary tumor, but metastases 
may exhibit a different histologic pattern than that of 
the primary tumor. It occurs more commonly with semi- 
noma but is also seen with NSGCT. It has a profound in- 
fluence on treatment success and strategy. 
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FIGURE 18.28. (A) CT scan from a 23-year-old with seminoma of the left testis. The scan, at the level of the mid-kidney, demon- 
strates extensive retroperitoneal lymphadenopathy involving aortocaval, preaortic, and paraaortic lymph nodes (arrows). (B) CT 


scan from the same patient at the level of the lower lung demonstrates multiple bilateral pulmonary nodules secondary to 
hematogenous metastases. 


Staging Systems 


A number of systems have been proposed for staging 
testicular cancer, but no one system has gained univer- 
sal acceptance. Staging systems proposed by Boden and 
Gibb!!! and Maier et al.112 have remained the mainstay 
of clinical staging. More recent systems have predomi- 
nantly been modifications of these systems as staging 
procedures have become more precise. Several of these 
staging systems are presented in Table 18.2. The Ameri- 
can Joint Committee on Cancer has developed a tu- 
mor/node/metastasis (TNM) system of pathologic 


staging,!13 but it has not gained wide acceptance (Table FIGURE 18.29. Contrast-enhanced CT scan of the abdomen 
18.3.) demonstrates low density paraaortic lymph node (N) metasta- 


sis in a patient with a left testicular seminoma. 


TABLE 18.2. Clinical Staging Systems for Testicular Cancer 


Boden and Gibb Maier MSKCC Royal Marsden Hospital , 
I LEE I A a eT a a i a ee ek a ee 


A(I): No metastases IA: Tumor confined to one testis. A: Tumor confined to testis; I: Tumor confined to testis; 
metastases to retroperitoneum metastases to retroperitoneum 
IB: As in IA but with histologic evidence 
of metastases to iliac or paraaortic 
lymph nodes at the time of retro- 
peritoneal lymph node dissection. 


B(II): Intraabdominal II: Clinical or radiographic evidence By: <5 cm IIA: < 2 cm 
metastases of metastases to femoral, inguinal, 
iliac, or paraaortic lymph nodes; no Bo: > 5 cm IIB: 2-5 cm 
demonstrable metastases above Bs: > 10 cm IIC: > 5 cm 


diaphragm or to visceral organs 


C(I): Extraabdominal HI: Clinical or radiographic evidence C: Spread beyond retro- III: Supradiaphragmatic lymph node 
metastases of metastases above the diaphragm peritoneal lymph nodes metastases 
or other distant metastasis to body 
organs 


IV: Extralymphatic metastasis 
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TABLE 18.3. TNM classification 


T: Primary tumor 
TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tl Tumor limited to testis 
T2 Tumor invades beyond tunica albuginea or into 
epididymis 
T3 | Tumor invades spermatic cord 
T4 Tumor invades scrotum 


N: Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node, 2 cm or less in 
greatest dimension 

N2 Metastasis in a single lymph node, more than 2 cm but 
less than 5 cm in greatest dimension, or multiple lymph 
nodes, none more than 5 cm in greatest dimension 

N3 Metastasis in a lymph node, more than 5 cm in greatest 
dimension 


M: Distant metastasis 
MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis present 


Radiologic Imaging for Staging/ 
Follow-up and Surveillance 


After orchiectomy, radiologic results have a great influ- 
ence on treatment planning. Radiologic techniques are 
key to evaluating the initial stage, accessing response to 
therapy, evaluating tumor recurrence, and surveillance 
of patients with stage I disease as an alternative to irradi- 
ation for seminoma and to retroperitoneal lymph node 
dissection of an NSGCT.114-117 


Computed Tomography 
of the Retroperitoneum 


Computed tomography is presently the modality of 
choice for evaluating retroperitoneal tumor spread. Re- 
ported overall accuracy rates for detecting metastatic 
retroperitoneal lymph nodes ranges from 68% to 
89% .118-124 CT detection of retroperitoneal involvement 
is based on metastases from testicular cancer causing 
lymph node enlargement. Although there is not univer- 
sal agreement on the size criterion for retroperitoneal 
lymph node enlargement, 1.0 or 1.5 cm is widely used 
for the upper limits normal.107,118,120 It must be stressed, 
however, that the false-negative rates reported for CT us- 
ing these criteria range from 21% to 44%.116,119,121 Given 
this fact, one should not rely on the size criterion alone. 
Any number of nodes, regardless of size in the expected 
primary retroperitoneal drainage area, must be sus- 
pected of having a high risk of harboring occult nodal 
disease.!121 The CT density of metastatic lymph nodes 
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from testicular carcinoma is variable, and the occur- 
rence of low attenuation (< 30 HU) nodes is well 
known.125 Low attenuation masses may be seen before or 
after treatment and are of unclear clinical signifi- 
cancel26 (Fig. 18.30). 

Although CT is routinely used to assess response to 
therapy, it is of limited utility for definitively characteriz- 
ing residual masses. NSGCTs demonstrate a significant 
incidence of malignancy in residual masses (27-37%), 
whereas malignancy in residual masses of pure semi- 
noma are less common.!27 In NSGCTs neither residual 
mass size, attenuation, nor degree of shrinkage during 
chemotherapy can be used to reliably exclude residual 
malignancy or teratoma.!27-130 For NSGCTs, an enlarg- 
ing mass generally represents residual malignancy but 
occasionally represents mature teratoma via tumor evo- 


B 


FIGURE 18.30. (A) Sagittal sonogram of an atrophic left testicle 
demonstrates a focal hypoechoic mass in the upper pole (ar- 
rows). Orchiectomy confirmed the presence of a left semi- 
noma. (B) Linear tomographic film obtained following 
bipedal lymphangiography demonstrates a suspicious node in 
the left paraaortic distribution with a defect in the lateral as- 
pect of one of the nodes (arrow) suspicious for neoplastic in- 
volvement. 
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lution or metastasis from a focus of mature teratoma in 
the primary tumor. The importance of this phenome- 
non is that these masses are unresponsive to chemother- 
apy but may be cured by surgical excision. With semino- 
mas it had been initially suggested that decreasing CT 
attenuation correlated with favorable treatment re- 
sponse; however, it has been subsequently demonstrated 
that there is no correlation between CT attenuation and 
the presence or absence of malignancy.127 In addition to 
evaluation of the retroperitoneum, CT has the advan- 
tage of being able to evaluate for abdominal, thoracic, 
cranial, and osseous extranodal metastasis. 


Lymphangiography 

The main advantage of lymphangiography!3!-133 over 
CT lies in its ability to detect metastatic disease in nonen- 
larged lymph nodes. The overall accuracy of staging 
retroperitoneal disease is comparable or even slightly su- 
perior to CT.123,124 Bipedal lymphangiography, however, 
does not opacify lymph nodes in the “sentinel” region. 
The opacified lumbar nodes lie medial to the sentinel 
nodes and become involved after sentinel node involve- 
ment. Also, with extension beyond the lymph node cap- 
sule, disease bulk cannot be evaluated nor can visceral 
organ involvement be assessed. This fact, along with the 
invasive nature and technical difficulty of the procedure, 
has contributed to its virtual replacement with CT. How- 
ever, lymphangiography is still utilized at some centers to 
evaluate equivocal CT findings in patients with elevated 
serum markers and normal CT, as well as in some sur- 
veillance protocols and radiation treatment planning 


(Fig. 18.31). 


Magnetic Resonance Imaging 
of the Retroperitoneum 


Although MRI has been disappointing for local stag- 
ing,134 staging accuracy of retroperitoneal disease is com- 
parable to that of CT.135 Presently, it is mainly used as a 
“problem-solving” modality and can be useful in patients 
with contraindications to iodinated contrast, for differ- 
entiating vascular structures from lymph nodes, and in 
patients in whom nonferromagnetic clips from previous 
retroperitoneal lymph node dissection degrade CT im- 
ages. Like CT, lymph node enlargement is the main as- 
sessed criterion. Whereas mature fibrosis may be charac- 
terized by its low signal intensity on both Tl- and 
T2-weighted images, overall signal characteristics have 
thus far been unreliable for differentiating benign and 
malignant residual masses. 


Ultrasonography of the Retroperitoneum 


Sonography is the modality of choice for primary tumor 
detection. Like MRI, local staging results have been dis- 
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FIGURE 18.31. Adenomatoid tumor of the epididymis. Trans- 
verse sonogram at the level of the upper pole of the right testis 
demonstrates a complex cystic mass arising from the body of 
the epididymis (arrows). 


appointing.134 Although some have reported an accu- 
racy comparable to that of CT when evaluating the 
retroperitoneum, 136,137 it is infrequently used. It may be 
helpful in patients with a paucity of retroperitoneal fat, 
for differentiating vascular structures from a mass, and 
for evaluating abdominal parenchymal organs when CT 
findings are equivocal. 


Treatment 


Testicular neoplasms are treated by radical orchiectomy 
followed by retroperitoneal lymph node dissection, irra- 
diation, chemotherapy, or surveillance depending on tu- 
mor type and stage. Controversy exists in the manage- 
ment of stage I testicular neoplasms. It is directly related 
to the diagnostic shortcomings of current radiologic 
staging methods. 

Patients with stage I NSGCT either undergo retroperi- 
toneal lymph node dissection (which may result in retro- 
grade ejaculation and sterility) or are placed on a 
surveillance protocol. Those with stage I seminoma un- 
dergo either surveillance or irradiation.!38-140 More ad- 
vanced seminoma is treated with irradiation, chemother- 
apy, or both; whereas more advanced NSGCT is treated 
with surgery and chemotherapy. 

Posttherapy surveillance and follow-up consists of ser- 
ial physical examination, serum marker evaluation, chest 
radiography (or if indicated chest CT), and abdomi- 
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nal/pelvic CT at designated intervals (which vary by in- 
stitution). Physical examination, serum markers, and 
chest radiography are frequently performed monthly for 
the first year, with abdominal and pelvic CT at 3-month 
intervals. Subsequently, chest radiography is performed 
every 2-6 months with abdominal/pelvic CT every 6 
months to a year for 3-10 years. 


Tumors of the Spermatic Cord 
and Paratesticular Tissues 


The paratesticular region comprises the contents of the 
spermatic cord, which is composed of arteries and veins, 
vas deferens, lymphatics, and nerves. In addition, testicu- 
lar tunica, epididymis, and vestigial remnants are pre- 
sent. In view of the presence of different histologic ele- 
ments, tumors arising in this region may have a variety of 
histologic and behavioral patterns. Most of these lesions, 
however, are mesenchymal tumors that may be benign or 
malignant. Lipomas are by far the most frequent and 
comprise more than 90% of all histologic types. In a sur- 
vey of all paratesticular tumors, Lioe and Biggart!4! 
found 85 paratesticular tumors over a period of 38 years. 
They found adenomatoid tumor to be the most common 
epididymal tumor and lipoma the most frequent benign 
tumor arising in the spermatic cord.141 

Other reported benign tumors of the paratesticular tis- 
sue include leiomyoma, neurofibroma, hemangioma, fi- 
brous lymphangioma, granular cell tumor, hibernoma, 
and papillary mesothelioma. There have been few re- 
ports of sonographic findings of these neoplasms. 


Adenomatoid Tumor 
(Nonpapillary Benign Mesothelioma) 


The adenomatoid tumor was first described by Evans in 
1943 as mesothelioma of the epididymis and testis. In 
1945 Golden and Ash reported 15 cases and introduced 
the term adenomatoid tumor. Currently it is well ac- 
cepted that the origin of these tumors is in fact mesothe- 
lial cells, and it is better to term them as nonpapillary be- 
nign mesothelioma. They are the most common benign 
tumors arising in the epididymis, most often in the epi- 
didymal tail, although they can also arise from the tunica 
albuginea or spermatic cord, or can be of intratesticular 
origin. 

They can occur in any age group but most commonly 
appear between the third and fourth decades of life. 
They present as an asymptomatic, slow-growing mass or 
with pain. 

Sonography is helpful for locating this mass as extrat- 
esticular. Most of them are isoechoic to the adjacent nor- 
mal epididymis or testis. When the lesion arises from the 
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epididymis, it is oval; and if it originates from the testicle 
(usually the lower pole), it is round. The echo pattern is 
variable and may be heterogeneous or hypoechoic!42,143 
(Fig. 18.32). The true intratesticular adenomatoid tu- 
mor cannot be differentiated from other more malig- 
nant neoplasms.!42 Treatment is by local excision after 
examination of an intraoperative frozen section. 

On gross examination, they are seen to be solid, yel- 
lowish-white nodules with a smooth surface. Microscopi- 
cally, three patterns have been described: plexiform, 
tubular, and canalicular. There may also be combina- 
tions of these patterns. The cell lining varies from 
cuboidal to flat, with intervening tissue being either stro- 
mal or epithelial. In addition, there is often thickening 
of blood vessel walls. A clear-cut capsule is usually absent. 
Immunohistochemical staining is negative for factor VIII 
and CEA but is positive for keratin.144 


Rhabdomyosarcoma 


Paratesticular rhabdomyosarcoma, comprising 40% of 
all rhabdomyosarcomas in children, is the most frequent 
sarcoma of the spermatic cord. It comprises 7% of all 
non-GCTs in children. It occurs more often in infants of 
age 2—4 years and peaks again at age 15-17 years. The 
tumor can arise from the spermatic cord, tunica vagi- 
nalis, epididymis, and other scrotal wall sites. It usually 
presents as a large intrascrotal mass.145 

The sonographic findings are nonspecific, with the tu- 
mor mass described as being anechoic to echogenic. The 


FIGURE 18.32. Rhabdomyosarcoma in a 10-year-old boy with a 
large painless scrotal mass. Sagittal sonogram revealed a large 
heterogeneous mass in the left hemiscrotum (M). Preopera- 
tively a separate left testicle could not be identified. At surgery 
a large left paratesticular mass was removed. Pathologic exami- 
nation revealed an embryonal rhabdomyosarcoma. 
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FIGURE 18.33. Lipoma. Sagittal sonogram of the left scrotum 
cephalad to the testicle demonstrates a well defined, homoge- 
neous mass. Excision of the mass confirmed a benign lipoma. 


testis is usually displaced by the mass, and color Doppler 
sonography may demonstrate increased flow (Fig. 
18.33). If the tumor is massively enlarged, MRI may be 
more helpful for localizing the displaced testicle.146,147 
Grossly, these tumors are well circumscribed, gray- 
white, firm, and poorly demarcated; they displace the 
testicle. The histologic findings are variable, starting 


with embryonal rhabdomyosarcoma, characterized by 


the presence of highly cellular spindle cells with abun- 
dant mitotic figures. At least four basic patterns have 
been described.?8 In addition, a small percentage of 
cases demonstrate an alveolar pattern with small, round 


FIGURE 18.34. Liposarcoma. (A) A 64-year-old man had a right 
inguinoscrotal mass. Parasagittal sonogram of the right sper- 
matic cord demonstrates a lobulated mass. Surgical excision of 
the mass revealed a low grade liposarcoma with focal myxoid 
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to oval tumor cells arranged in nests surrounded by con- 
nective tissue septa. 

These tumors are staged in accordance with the modi- 
fied intergroup rhabdomyosarcoma study protocol. 
Treatment usually includes orchiectomy and (retroperi- 
toneal lymph node dissection) (RPLND), with positive 
nodes seen in nearly 40% of cases. Postoperatively, these 
tumors are treated with aggressive adjuvant chemother- 
apy. 147,148 


Lipoma/Liposarcoma 


Most spermatic cord tumors are benign and are primar- 
ily lipomas. Among a large series of extratesticular in- 
trascrotal masses, nearly 45% were due to lipoma. These 
tumors are most commonly found as an incidental le- 
sion. At sonography they appear homogeneous and 
more echogenic than the testicle. If the diagnosis is in 
doubt, it can be confirmed by CT scan. 

Liposarcoma of the spermatic cord was first reported 
by Dreyfuss and Lubash in 1940. Paratesticular liposarco- 
mas are uncommon, comprising 7% of paratesticular 
neoplasms. They most commonly originate in the sper- 
matic cord. Paratesticular liposarcomas are often well 
differentiated and low grade. 149 

Preoperative sonographic findings demonstrate the 
tumor to arise from extratesticular tissues and may 
demonstrate a mass with variable echogenicity. CT is 
helpful for demonstrating the fatty component of the tu- 
mor (Fig. 18.34). Similarly, MRI can depict the fat com- 
ponent and is able to delineate the complete extent and 
margins of the tumor. In addition to fat, a soft tissue 
component is present, suggesting a sarcomatous ele- 
ment. 150 


change. (B) CT scan of a different patient at the level of the in- 
guinal canal demonstrates a heterogeneous fatty mass (M) sec- 
ondary to a myxoid liposarcoma. 
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Liposarcomas tend to spread primarily by local exten- 
sion. Hematogenous and lymphatic spread is usually a 
late event and commonly involves high grade tumors. 
These tumors are best treated by combined radical or- 
chiectomy with wide local excision. Adjuvant radiation 
therapy is reserved if local recurrent disease is sus- 
pected or if the neoplasm is of intermediate or high 
grade. 149,151,152 
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A variety of imaging techniques have been employed to 
supplement the clinical findings and the physical exami- 
nation for evaluation of scrotal and testicular abnormali- 
ties. High resolution ultrasonography with color flow 
Doppler studies is currently the imaging modality of 
choice for initial evaluation due to its low cost, wide 
availability, multiplanar imaging capabilities, short ex- 
amination time, and lack-of ionizing radiation. Limita- 
tions of ultrasonography include its small field of view, 
low specificity, and operator dependence. 

Magnetic resonance imaging (MRI) provides superior 
soft tissue contrast resolution compared to ultrasonogra- 
phy. A wider field of view and the ability to assess both 
sides of the scrotum and the inguinal regions simultane- 
ously are further advantages of MRI over ultrasonogra- 
phy. In addition, MRI is useful for evaluating the painful 
scrotum, where ultrasonography and clinical examina- 
tion may not be tolerated by the patient. MRI sensitivi- 
ties approaching 100% have been reported for the diag- 
nosis of benign and malignant testicular conditions.!-4 
The specificity of MRI has also been shown to be higher 
than that for ultrasonography in some studies,5-7 partic- 
ularly in the setting of confusing clinical presentations 
such as differentiation between epididymitis and torsion. 
Limitations of MRI evaluation include its high cost, lim- 
ited availability, and long imaging times. 

The current role of MRI in the assessment of various 
scrotal abnormalities is discussed in this chapter. The ap- 
pearances of normal and pathologic conditions are re- 
viewed. 


Indications for MRI 
of the Scrotum 


The MRI evaluation is employed primarily when ultra- 
sound findings are equivocal or there is a discrepancy 


between the ultrasound appearance and the clinical im- 
pression.’ MRI has been used for differentiating intrat- 
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esticular and extratesticular processes and for evaluat- 
ing diffusely infiltrating testicular lesions that may be 
sonographically undetectable. A painful scrotum is of- 
ten difficult to evaluate by clinical examination or with 
an ultrasound transducer, and MRI tends to be a more 
comfortable imaging method for these patients.6 The 
efficacy of local staging of tumors has been evaluated 
with MRI, as the differentiation between intratesticular 
and extratesticular tissues is easily appreciated. The 
evaluation of inflammatory processes can be performed 
with MRI, which may be useful for differentiating infec- 
tion from neoplasm. The advantage of being able to im- 
age the entire scrotal content and inguinal region al- 
lows assessment of torsion, infarcts, varicoceles, and 
hernias, particularly when ultrasound f indings are 
equivocal.9 


MRI Technique 


The patient is usually positioned supine on the MRI 
table. Although some authors have contended that the 
use of the prone position decreases motion artifact of 
the surface coil with respect to the patient,!0 the supine 
position appears to be more comfortable for him, partic- 
ularly in cases of a painful scrotum. Manipulation of the 
surface coil is also easier with the patient in the supine 
position. The scrotum is immobilized using rolled towels 
or sponges, which are placed between the thighs. The 
penis is positioned to the side or taped against the ab- 
dominal wall. A sheet or towel is placed underneath the 
scrotum and across the thighs to elevate the sac. An addi- 
tional sheet or towel then covers the entire area. A circu- 
lar surface coil (3-5 inches, depending on the size and 
age of the patient) is employed to increase the signal-to- 
noise ratio. The surface coil should be horizontally 
placed over the scrotum and secured. A 1 cm standoff 
can be utilized to limit artifactually increased signal from 
surface structures and signal dropout. 
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Both Tl- and T2-weighted images are used to image 
the scrotum. Fast spin echo images offer a more rapid al- 
ternative to conventional spin echo sequences and have 
been routinely used.!! Slice thicknesses of 3-5 mm are 
obtained with a 1.5 mm gap. A small field of view (12-20 
cm) and an asymmetric matrix are employed. Respira- 
tory compensation, if available, may aid in decreasing 
motion artifact. Additional sequences utilizing tech- 
niques such as fat saturation may be helpful in selected 
circumstances. The administration of intravenous gado- 
linium may provide information regarding the integrity 
of the blood-testis barrier!2 and may improve image in- 
terpretation in cases of infection.13 

The sagittal plane is useful as the initial sequence, as it 
completely images the anterior and posterior extent of 
the scrotum and serves as a localizer for the coronal se- 
quence.1!4,15 The coronal plane has been found by many 
investigators to be the most useful imaging plane.8.14-16 
This plane allows comparison of the right and left hemis- 
crotum, as well as good visualization of the relation of 
the epididymis and the spermatic cord to the testis. In 
addition, because the surface coil is parallel to the coro- 
nal plane, signal intensity variability across the image is 
minimized. The sagittal plane is useful for imaging the 
full anterior-to-posterior extent of the scrotum and occa- 
sionally demonstrates the bare area of the testis best.16 
Axial images, although providing a comparison between 
the right and left hemiscrotum, do not appear to offer 
information additional to that gained during routine 
scanning and are generally reserved for problem solving 
when findings in the coronal and sagittal planes are 
equivocal].8,14-16 


MRI Appearance of the 
Normal Scrotum 


The normal anatomy of the scrotum is described in 
Chapter 15. On MRI (Fig. 19.1), the normal testis is a 
sharply demarcated, homogeneous, ovoid structure. It 
demonstrates signal intensity between water and fat on 
T1-weighted images. On T2-weighted images, the testis 
becomes uniformly bright, with a signal intensity 
brighter than fat and slightly less than water. Compari- 
son with the small amount of normal fluid frequently 
present between the layers of the tunica vaginalis is help- 
ful when evaluating signal abnormalities on T2-weighted 
images. 

The testis is completely invested by a thin layer of low 
intensity signal on all sequences, which represents the 
dense, fibrous tunica albuginea. The tunica albuginea 
should be continuous and not exceed 1 mm in thickness. 
Identification of an intact tunica albuginea is useful for 
documenting the site of origin of a lesion (intratesticular 
versus extratesticular) and for evaluating trauma and tu- 
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mor extension.!” The tunica vaginalis is fused to the tu- 
nica albuginea, except along the bare area, a finding 
that is often best seen on sagittal images (Fig. 19.1A,B) 16 
and that is more easily defined in the presence of a hy- 
drocele. It is here that the tunica albuginea invaginates 
into the testis posteriorly as the mediastinum testis, 
which is seen as a lower signal intensity structure than 
the testicular parenchyma. Occasionally, internal struc- 
tures such as lobular septa radiating from the medi- 
astinum or, less commonly, intratesticular vessels can be 
resolved.8 When dilated, the rete testis may be dis- 
cerned, with signal characteristics similar to fluid (low 
on T1-weighted images, and slightly higher than the nor- 
mal testis on T2-weighted images). 

The epididymis is equal to or slightly lower in signal 
intensity than the testis on Tl-weighted images and 
much lower than the testis on T2-weighted images. The 
head, body, and tail are easily identified. Occasionally, 
the vas deferens can be traced from the epididymal tail 
to the inguinal canal, particularly if it is distended. It 
can be distinguished by its low signal intensity muscular 
wall and high signal intensity lumen on T2-weighted 
images. The vascular structures, which include the 
pampiniform plexus of veins and the arterial supply to 
the scrotal contents, can be identified as tortuous struc- 
tures superior to the epididymal head (Fig. 19.1C). The 
pampiniform plexus exhibits intermediate to high sig- 
nal intensity on T2-weighted images secondary to a 
phase shift from slow flowing blood and can be traced 
to the inguinal ring. The spermatic cord can easily be 
evaluated, and is best imaged in the coronal and axial 
planes. 

The scrotal wall contains fascia, dartos muscle, subcu- 
taneous fat, and skin. The dartos muscle and fascia ex- 
hibit low signal intensity on Tl-weighted images and can 
often be differentiated from skin and subcutaneous tis- 
sues on this sequence. On T2-weighted images, these 
structures are more difficult to differentiate, as all layers 
demonstrate low signal intensity.9 


Intratesticular Neoplasms 


All neoplasms of the testis present as decreased signal 
intensity on MRI T2-weighted images when compared 
with the normal testis. In most cases of neoplasm, a rim 
of normal testicular tissue is left intact, permitting a rel- 
ative comparison of normal and abnormal tissue charac- 
teristics.18 In addition, MRI is optimal for assessing the 
extratesticular tissues, which is helpful for evaluating 
the extent of the mass. The dark band representing the 
tunica albuginea is well seen on all sequences (Fig. 
19.1); discontinuity of this structure in the setting of an 
intratesticular neoplasm suggests extratesticular inva- 
§10n.1,3,7,15 
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FIGURE 19.1. Normal MRI of the scrotum. (A) Tl-weighted sagit- 
tal image (600/20). The testis has homogeneous intermediate 
signal intensity (SI). (B) T2-weighted sagittal image 
(2000/100). The testis becomes uniformly bright, with the SI 
slightly lower than that from the small amount of normal 
peritesticular fluid. The low SI tunica albuginea can be seen in- 
vesting the testis in both Tl- and T2-weighted sequences (ar- 
rows). The bare area is evident, and the mediastinum testis can 


Seminoma 


As discussed in Chapter 18, malignant neoplasms of the 
testis can be primary or metastatic. Most primary neo- 
plasms have a germ cell origin and can be divided into 
seminomatous and nonseminomatous histologies. Semi- 
nomas constitute 40% of germ cell neoplasms and are bi- 
lateral in up to 3%.19 These tumors originate from undif- 
ferentiated germ cells and are comprised of sheets of 
uniform tumor cells intermixed with fibrous trabeculae, 
giving rise to their typical MRI appearance. On MRI 
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be identified as a low SI linear structure within the testis 
(curved arrow). (C) T2-weighted coronal image (2000/80). 
The pampiniform plexus and spermatic cord are best seen in 
the coronal plane. (D) T2-weighted axial image (2000/100). 
The left mediastum testis is again seen as a low SI linear struc- 
ture within the bright testicle (arrow). The SI of the epididymis 
is equivalent to that of the testis on T1-weighted images (A) and 
is of lower SI than the testis on T2-weighted images (B, C, D). 


these lesions present as isointense compared to the nor- 
mal testis on Tl-weighted images and as sharply demar- 
cated, relatively homogeneous masses with lower signal 
intensity than the normal testis on T2-weighted images 
(Fig. 19.2). Occasionally low signal intensity is seen, 
which corresponds to areas of fibrosis. Although semino- 
mas are not typically prone to hemorrhage as are non- 
seminomatous tumors, they occasionally exhibit areas of 
increased signal intensity on T1l-weighted images due to 
bleeding within the tumor or foci of decreased signal in- 
tensity from calcifications (Fig. 19.3). 
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FIGURE 19.2. Seminoma. (A) Tl-weighted image (670/16) 
coronal image. The lesion is almost isointense to the normal 
testis. (B) T2-weighted image (3500/80) coronal image. The 
lesion becomes significantly less intense relative to normal 
testis and is sharply demarcated. (C) Tl-weighted coronal 
(670/16) image after intravenous gadolinium. Note the im- 
proved delineation of the tumor. 


Nonseminomatous Germ Cell Tumor 


Nonseminomatous tumors of the testis are comprised of 
one or more types of germ cell. These tumors include 
embryonal cell carcinoma, yolk sac tumor, choriocarci- 
noma, and teratoma. Tumors that contain more than 
one cell type are known as mixed germ cell tumors. If 
both seminomatous and nonseminomatous elements are 
present in a single lesion, the tumor typically behaves as 
the more aggressive nonseminomatous lesion. Histologi- 
cally, nonseminomatous germ cell tumors are heteroge- 
neous. Their tendency to invade blood vessels leads to 
hemorrhage and necrosis. Hence these tumors tend also 
to be heterogeneous on MRI images. Regions of both 
high and low signal intensity on T1- and T2-weighted im- 
ages are often appreciated (Fig. 19.4). Teratomas can 
contain calcification, which may account for areas of low 
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signal intensity on both Tl- and T2-weighted images.20 
In addition, a band of low signal intensity is frequently 
visible surrounding the lesion, which has been shown 
histologically to represent a fibrous tumor capsule, a 
finding less commonly seen in seminomatous tu- 
mors.8,9,18 

Differentiation between seminomas and nonsemino- 
matous tumors is of significant clinical importance, as 
this distinction determines the management of the pa- 
tient. Pure seminomas are generally treated with irradia- 
tion, whereas nonseminomatous germ cell tumors are 
treated with chemotherapy and retroperitoneal lymph 
node dissection. Recent studies suggested that these tu- 
mor types can be differentiated by MRI with up to 92% 
accuracy.18.21 Heterogeneity of the lesion has been found 
to be the most specific sign for.a nonseminomatous tu- 
mor followed by high signal intensity on T2-weighted im- 
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A 


FIGURE 19.3. Atypical seminoma. (A) T2-weighted (2000/80) 
coronal image. A large, inhomogeneous mass replaces the 
right testis and contains irregular areas of decreased signal. 


ages. The presence of a tumor capsule, though sugges- 
tive of a nonseminomatous germ cell tumor, was less spe- 
cific.4,18 


Stromal Tumors 


Stromal tumors, which represent 5% of primary testicu- 
lar neoplasms, arise from stromal cells, including Sertoli 
cells, Leydig cells, granulosa cells, and theca cells. Com- 
binations of these types may be seen. Leydig cell tumors, 
the most common, are usually benign and can be hor- 
monally active. Histologically, Leydig cell tumors are well 
circumscribed, encapsulated, and lobular; rarely they ex- 
hibit hemorrhage or necrosis. The few pathologically 
documented cases of Leydig cell tumor reported with 
MRI describe the tumor to be isointense on T1-weighted 
images and hypointense on T2-weighted images, indis- 
tinguishable from a germ cell tumor.2.3,4,11,22 When these 
tumors are malignant, which occurs in 10% of cases, they 
may contain areas of hemorrhage and necrosis. In these 
instances the lesions may contain foci of higher signal in- 
tensity on both Tl- and T2-weighted images and thus 
would be expected to mimic the appearance of a non- 
seminomatous germ cell tumor on MRI. Granulosa cell 
and thecal tumors of the testis are rare. A single case of 
the MRI appearance of a mixed stromal tumor contain- 
ing granulosa cell and fibroma-thecoma elements has 
been reported. This tumor demonstrated predominantly 
low signal intensity on both T1- and T2-weighted images, 
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(B) Plain film of scrotum. Calcifications can be appreciated in 
the right hemiscrotum. 


FIGURE 19.4. Nonseminomatous germ cell tumor. T2-weighted 
(2000/80) sagittal image. Foci of both high and low SI can be 
seen within this heterogeneous mass. Note the disruption of 
the tunica albuginea anteriorly, confirming extratesticular 
spread. 
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thought to correspond to its fibrous elements, with ir- 
regular focal areas of higher signal intensity believed to 
correlate with the granulosa cell components.23 


Lymphoma and Leukemia 


Testicular involvement with lymphoma may be seen, as 
lymphoma is one of the most common neoplasms to af- 
fect the testis in men over age 50. Involvement with 
leukemia is also seen. These two lesions are often bilat- 
eral and tend to infiltrate the entire testis, making differ- 
entiation from normal tissue difficult, particularly on ul- 
trasound scans. However, the lesions demonstrate 
decreased signal intensity relative to hydrocele fluid and 
the corpora cavernosa, allowing their detection on 
MRI.2.9 Metastatic disease to the testis from other sites 
(prostate, lung, gastrointestinal tract, melanoma, kid- 
ney) is uncommon, and the MRI appearance of these le- 
sions has not been reported. 


Staging Testicular Cancer with MRI 


Although MRI has been reported to be somewhat more 
accurate than ultrasonography for local staging of testic- 
ular tumors (63% and 45% respectively) ,2 the results are 
still disappointing. Not infrequently, the low signal inten- 
sity of the tunica albuginea is difficult to distinguish 
from the low signal intensity of the tumor, making evalu- 
ation of the integrity of this structure difficult.2.9 
Whether this pitfall is of clinical significance is debat- 
able, as patients with suspected testicular cancer require 
surgical exploration and orchiectomy regardless of local 
tumor stage. 


A 


FIGURE 19.5. Epidermoid cyst. (A) Sagittal T1-weighted view of 
epidermoid cyst shown clearly by MRI to represent an intrates- 
ticular lesion. (B) T2-weighted (2500/80) axial image. A bulls- 
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Other Intratesticular Neoplasms and 
Tumor-like Conditions 


Simple Testicular Cyst 


Testicular cysts are smooth, round lesions with low signal 
intensity (SI) on Tl- and high SI on T2-weighted images. 
On T2-weighted images, the high SI can make the lesion 
nearly isointense to normal testicular parenchyma.6 


Epidermoid Cyst 


Epidermoid cysts of the testis are uncommon benign 
neoplasms. They possess compact keratin surrounded by 
a wall of stratified squamous epithelium and a fibrous 
capsule. The tumor has been described to have a “bulls- 
eye’ or target appearance on MRI, with a peripheral low 
SI zone on both Tl- and T2-weighted images (Fig. 19.5). 
The center also contains low SI and is separated from 
the peripheral zone by an area of greater SI on both T1- 
and T2-weighted sequences, which corresponds to loose, 
degenerating exfoliated squamous cells. The brightness 
of this zone is thought to be due to a high lipid con- 
tent.4 


Seminiferous Tubular Ectasia of the Rete Testis 


Tubular ectasia of the rete testis is a benign condition in 
which cystic dilatation of tubules is present at the level of 
the mediastinum testis. It tends to occur in elderly men 
and is frequently bilateral. An ipsilateral spermatocele is 
often present. The precise etiology is not known, but ob- 
struction at the level of the vas deferens has been sug- 
gested. Although ultrasound findings in this condition 
are usually characteristic, it is occasionally difficult to 


eye appearance is present, with low SI peripheral and central 
zones separated by an area of greater SI. (Case courtesy of K. 
Bis, M.D., Royal Oak, MI.) 
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distinguish this lesion from a hypoechoic tumor. MRI 
findings are highly specific (Fig. 19.6). This serpiginous 
lesion has homogeneous low SI on Tl- and high SI on 
T2-weighted images, similar to water. An associated sper- 
matocele is often present. No enhancement is seen fol- 
lowing intravenous gadolinium administration.25 


Adrenal Rests 


In patients with adrenogenital syndrome, sustained ele- 
vation of circulating ACTH may stimulate adrenal rest 
tissue present within the testis, resulting in increased tes- 
ticular size or clinically detectable nodules. These tu- 
mors are pathologically similar to Leydig cell tumors ex- 
cept for the absence of Reinke crystals. The lesions have 
been described on MRI as bilateral, multiple, well de- 
fined but irregularly bordered regions of decreased SI.10 


Testicular Microlithiasis 


Testicular microlithiasis is characterized by calcified con- 
cretions in the seminiferous tubules.26 On T1-weighted 
images, small scattered foci of low SI have been de- 
scribed; these small foci may not be detected on T2- 
weighted images.9 


Carcinoma In Situ 


Carcinoma in situ, a lesion in the germinative epithe- 
lium of the testis, has been shown to be associated with a 
risk of testicular cancer in as many as 50% of patients.27 
Although a lack of SI abnormality has been reported in 
four cases of carcinoma in situ,2 it has been suggested 
that longer T1 and shorter T2 relaxation times can be 
measured in testes with carcinoma in situ than in normal 
testis.28 The use of intravenous gadolinium for the evalu- 


A 


FIGURE 19.6. Seminiferous tubular ectasia of the rete testis. 
(A) Tl-weighted (200/15) coronal view of the scrotum in a 52- 
year-old patient with a history of subacute pain. (B) T2- 
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ation of carcinoma in situ of the contralateral testis in 
patients who have undergone orchiectomy has been ex- 
plored, but the findings were nonspecific; increased SI 
were routinely demonstrated in the contralateral testis 
up to 18 months after orchiectomy.?9 


Extratesticular Neoplasms and 
Tumor-like Conditions 


Adenomatoid Tumor 


Adenomatoid tumors are the most common benign tu- 
mors of the epididymis and are most frequently seen in 
the epididymal tail. They may also arise in the spermatic 
cord, the tunica albuginea, or rarely the testis itself. The 
MRI characteristics of these lesions have been reported. 
Depending on the degree of fibrosis, their signal may 
vary from isointense to hypointense relative to the nor- 
mal testis.30 The tumor tends to be of higher SI than the 
normal epididymis on T2-weighted images.9 


Pseudotumor of the Tunica Albuginea 


Fibrosis of the tunica albuginea may be seen following 
inflammatory conditions of the scrotum. This lesion may 
be difficult to distinguish from testicular neoplasm by 
physical examination. On MRI the tunica albuginea is 
markedly thickened and shows no SI on T2-weighted 
images.20 


Tunica Albuginea Cyst 


Cysts of the tunica albuginea are rare, benign lesions 
that are completely invested by the tunica albuginea. 


B 


weighted (2750/103) coronal image. The area of abnormality 
in the left testis is similar to fluid on both sequences (arrow). 
Note the large adjacent spermatocele. 
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MRI has been shown to be helpful for demonstrating the 
extratesticular nature of this lesion in the setting of an 
equivocal ultrasound scan by revealing a band of low SI 
surrounding the cyst contiguous with the tunica albug- 
inea.!7 


Epidermoid Cyst 


Although epidermoid cysts usually occur within the sub- 
stance of the testis, as described earlier, they can also be 
found in the extratesticular tissues along the median 
raphe. Their MRI appearance has been described as low 
SI on Tl-weighted images and high SI on T2-weighted 
images, similar to the intratesticular form.31,32 


Lipoma of the Spermatic Cord 


Lipomas are the most common spermatic cord tumors. 
They demonstrate increased SI on Tl-weighted images 
and fade somewhat in brightness on T2-weighted images, 
consistent with fat. On T2-weighted images, they are oc- 
casionally hyperintense to fat.9 Fat suppression tech- 
niques may be helpful when evaluating equivocal cases. 


Inflammatory Conditions of the 
Testis and Epididymis 
Epididymitis 


The most common inflammatory condition that affects 
the scrotal contents is epididymitis. It is most often 


A 


FIGURE 19.7. Torsion of the spermatic cord. (A) Coronal T1- 
weighted (750/20) view of the scrotum in a patient with a his- 
tory of pain and swelling. (B) Coronal T2-weighted (2100/90) 
image. Spiral distortion of the fascial planes of the spermatic 
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caused by the spread of a bacterial infection from the 
lower urinary tract by sexually transmitted organisms. 
The clinical presentation and ultrasound appearance 
are discussed in Chapter 15. A painful scrotum is the 
most common presenting complaint, and in this setting 
differentiation between epididymitis and testicular tor- 
sion is crucial. 

With acute epididymitis, MRI demonstrates an en- 
larged, heterogeneous epididymis. High SI on T2- 
weighted images has been the most commonly described 
signal change,!.8.9 although low SI on T2-weighted im- 
ages has also been reported.!! If the acute epididymitis is 
severe enough, epididymal hemorrhage may occur, re- 
sulting in variable SI on both Tl- and T2-weighted im- 
ages.8 The spermatic cord is enlarged and edematous, 
and the vascularity is increased, appearing as serpiginous 
structures containing SI void.7.8 The identification of 
this increased vascularity is an important finding for dif- 
ferentiating acute epididymitis from torsion, which may 
have a similar presentation but is associated with de- 
creased cord vascularity. Scrotal skin thickening, reac- 
tive hydrocele, and inguinal adenopathy are other 
common ancillary findings of acute epididymitis. Occa- 
sionally, a hydrocele is large enough to demonstrate the 
bare areas of the testis, a finding that excludes the pres- 
ence of the “bell-clapper” deformity commonly associ- 
ated with torsion.58 The administration of intravenous 
gadolinium may increase diagnostic accuracy in cases of 
epididymitis.13 Orchitis may accompany acute epididymi- 
tis and is evidenced by an enlarged testis with areas of de- 
creased SI. 


cord (“whirlpool”) is seen on both sequences. A small amount 
of high SI fluid is present, consistent with a hematocele. Inho- 
mogeneity of the testis is noted, likely reflecting ischemic 
changes. 
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With chronic epididymitis, the epididymis may be fo- 
cally or diffusely enlarged. Low SI, or even disappear- 
ance of the SI, may be seen.!.8 This low SI may make an 
acute exacerbation more difficult to detect. 


Orchitis 


Orchitis, an inflammation of the testis, is almost always a 
result of bacterial spread from epididymis to the testicle 
in the setting of severe acute epididymitis. When orchitis 
is present without associated epididymitis, a viral etiology 
is more likely. On MRI, enlargement of the testicle and 
diffuse or focal heterogeneous areas of decreased SI are 
seen on T2-weighted images. In contrast to testicular 
cancer, the interlobular septa are usually preserved and 
can be visualized on MRI,!.20 although, exceptions have 
been reported. A case has been described of a patient 
with acquired immunodeficiency syndrome (AIDS) who 
was found to have a mixed cytomegalovirus and Mycobac- 
terium orchitis, in which the interlobular septa were oblit- 
erated on MRI.33 

Tuberculosis may involve the testis. MRI of tubercu- 
lous orchitis demonstrates patchy, poorly marginated ar- 
eas of slightly decreased SI.8 Calcifications have also 
been reported with tuberculous orchitis, resulting in ar- 
eas of low SI on all sequences.20 


Complications of Epididymitis and Orchitis 


Epididymal abscess, suppurative orchitis with abscess, or 
testicular infarction may result from severe acute epi- 
didymitis. These entities are discussed in Chapter 15. 
The formation of a testicular abscess results in areas of 
high SI on T2-weighted images due to fluid collections 
between the interlobular septa.20 Testicular infarction is 
evidenced by areas of decreased enhancement following 
the administration of intravenous gadolinium.9 Hemor- 
rhagic changes can also be seen. 


Vasculitis 


Vasculitis from such conditions as polyarteritis nodosa, 
Henoch-Schonlein purpura, rheumatoid arthritis, and 
Wegener's granulomatosis can affect the testes. The MRI 
findings in a case of vasculitis of the testis, presumably 
the result of polyarteritis nodosa, has been reported.34 
The epididymis was enlarged and the testicle small. 
Poorly marginated low SI foci were seen peripherally in 
the testis, and the spermatic cord was hypervascular. The 
small testicular size and peripheral low SI foci were 
thought to be secondary to infarction. Spherical dark 
structures in the tunica vaginalis represented densely cal- 
cified necrotic tissue. Thus in cases where MRI findings 
suggest infection but the response to antibiotics is poor, 
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vasculitis should be considered in the differential diag- 
nosis. 


Torsion of the Spermatic Cord 


The pathophysiology, clinical presentation, and sono- 
graphic findings of spermatic cord torsion are discussed 
in Chapter 16. To review briefly, two types of torsion are 
described. 

Intravaginal torsion is the more common type, occur- 
ring most commonly in teenage boys. The testis is almost 
completely invested by the tunica vaginalis, except for 
the “bare area” that runs along the mediastinum testis. 
This bare area serves as a passageway for vascular struc- 
tures and as an attachment site of the testis to the poste- 
rior scrotal wall. The length of the bare area can be vari- 
able; if it is so short that only a thin stalk is present, the 
testis is predisposed to torsing about its vascular pedicle. 
This anomaly is known as the “bell-clapper” deformity. If 
twisting occurs, venous obstruction follows, eventually 
resulting in hemorrhagic necrosis of the testicle. 

Extravaginal torsion is much less common, occurring 
perinatally. It is usually not diagnosed until the chronic 
phase of the injury, and conservative treatment is em- 
ployed. 

Testicular torsion is rarely imaged by MRI in the acute 
setting, as ultrasonography and scintigraphy are highly 
sensitive and tend to be much more readily available and 
expedient. In the subacute setting, clinical differentia- 
tion between torsion and other painful scrotal processes 
such as epididymitis can be difficult. MRI has been 
shown to be useful in these circumstances.5 

In a study of surgically produced 720-degree torsion of 
the spermatic cord utilizing a rat model,35 no significant 
change in the size of the affected testis was seen prior to 
24 hours following the insult. During this time period 
decreased SI was noted in some cases. From 24 hours to 
70 days after torsion, a progressive decrease in both tes- 
ticular volume and SI was noted. The most sensitive and 
specific sign of torsion in these cases was found to be a 
spiral distortion of the fascial planes of the spermatic 
cord in a “whirlpool” pattern (Fig. 19.8). This pattern 
could be identified as early as 30 minutes after surgical 
torsion. It was not seen as clearly after 20 days, presum- 
ably due to ischemic necrosis. The whirlpool pattern has 
subsequently been identified in human cases of torsion 
and has been found to be highly specific.5 It is well seen 
in both coronal and axial planes. 

Assessment of the vascularity of the spermatic cord is 
also important for the evaluation of torsion and in its dif- 
ferentiation from epididymitis. With both entities, the 
spermatic cord is enlarged. However, in torsion, cord 
vascularity is absent, whereas in epididymitis the vascu- 
larity is increased.5 An atypical relationship between the 
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FIGURE 19.8. Hematoma of the spermatic cord after inguinal 
hernia repair. (A) Coronal Tl-weighted image showing a large 
ovoid collection with high SI in a 63 year old man presenting 
with right scrotal swelling following surgical repair of a right in- 


epididymis and the testicle may also be present in tor- 
sion.1.20 The epididymis may be thickened, and it can 
contain areas of hemorrhage, as can the testis itself. The 
result is areas of increased and decreased signal intensity 
on both T1 and T2 weighted images. An associated hy- 
drocele or hematocele is often seen, which may be large 
enough to demonstrate the bell-clapper deformity if it is 
present. Focal infarcts within the testis may occur, as evi- 
denced by wedge-shaped, peripheral, inhomogeneous 
low signal intensity areas surrounded by an even lower 
signal intensity rim of hemosiderin. High signal intensity 
areas may also be seen, depending on the age of the in- 
farct and the presence of hemorrhage.’ — 

Animal studies have been performed to assess the util- 
ity of dynamic enhanced MRI with the use of intravenous 
gadolinium in evaluating changes in testicular perfu- 
sion. Results indicate that dynamic MRI with gadolinium 
is excellent in evaluating alterations in blood flow in the 
testis, with a sensitivity and specificity for ischemia of 
100% .36 Enhanced MRI in a rat model of torsion has also 
demonstrated variability in the degree of ischemic 
change present despite a standardized surgical torsion 
procedure, with normal perfusion seen in some cases for 
at least one hour after the insult.37 This finding suggests 
that scintigraphy and Doppler ultrasound, which rely 
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guinal hernia. (B) On a similar view a T2-weighted study 
demonstrates fine septations within the large posttraumatic 
hematoma. 


solely on establishing the presence or absence of blood 
flow, may yield false negative results in the acute phase of 
torsion. Therefore, the ability of enhanced MRI to quan- 
tify perfusion abnormalities in acute torsion may prove 
to be more sensitive than other modalities in the future. 

With chronic torsion MRI reveals a small, atrophic tes- 
ticle containing diffuse low signal intensity. A thickened 
tunica albuginea is present. Extravaginal torsion, as 
stated above, is usually not detected early enough to war- 
rant intervention. Thus the MRI appearance of extrav- 
aginal torsion mimics that of chronic intravaginal tor- 
sion.8 

Torsion of a testicular appendix can occur. On MRI 
the torsed appendix is spherical and has signal charac- 
teristics consistent with hemorrhage. Although this en- 
tity may mimic spermatic cord torsion clinically, these 
MRI findings allow torsion of the spermatic cord, a 
much more devastating condition, to be excluded with 
confidence.30 


Testicular Trauma 


Penetrating trauma to the scrotum is almost always ex- 
plored surgically; imaging therefore does not play a sig- 
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nificant role. Blunt trauma can result in a fascial scrotal 
hematoma, hematocele, intratesticular hematoma, or 
testicular rupture.!! Evaluation of the tunica albuginea is 
particularly important in these cases, as disruption of 
this structure is the most sensitive finding for testicular 
rupture, and surgery is usually indicated.3.8,20,38 Imaging 
in multiple planes is necessary to adequately visualize 
the location and extent of the rupture.8.20 Intratesticular 
hematoma results in an inhomogeneous testis with typi- 
cally linear, or striped, areas of high and low SI on both 
Tl- and T2-weighted images, depending on the age and 
organization of the hemorrhage.3.8.11.20 A border of de- 
creased SI secondary to hemosiderin deposition or 
punctate SI voids due to calcification may be seen with 
chronic hematoma.!0 A hematocele is frequently present 
following blunt trauma, and SI characteristics are typical. 
The use of intravenous gadolinium has not been shown 
to add additional diagnostic information in cases of 
trauma and hemorrhage.!3 


Extratesticular Fluid Collections, 
Varicocele, and Scrotal Hernia 


Hydrocele 


The space between the visceral and parietal layers of the 
tunica vaginalis normally contains a few milliliters of 
fluid. A hydrocele is present when an increased volume 
of fluid exists in this space. Although MRI is usually not 
necessary to diagnose a hydrocele, a large collection can 
interfere with physical examination and ultrasound eval- 
uation. MRI in these circumstances may allow better 
evaluation of the underlying testis.14 

A simple hydrocele is commonly idiopathic in origin. 
Hydroceles are sometimes associated findings in cases of 
epididymitis, orchitis, trauma, torsion, or neoplasm. Up 
to 20% of testicular tumors have an associated hydrocele 
at the time of diagnosis.14 

Simple hydroceles are unilocular and exhibit SI charac- 
teristics of fluid on MRI, with homogeneous low SI on T1- 
and high SI on T2-weighted images compared with the 
normal testis. Occasionally, a band of lower SI can be seen 
parallel to the scrotal wall, which may be secondary to mo- 
tion of the fluid.8 Complicated hydroceles, associated with 
inflammatory or hemorrhagic processes, can be multiloc- 
ular and septated. The fibrous septa are best seen on T2- 
weighted images.9.11 The SI characteristics of these collec- 
tions are variable depending on their content. 

Uncommonly, a hydrocele may be large enough to ex- 
tend through the inguinal canal and into the abdominal 
cavity. These abdominoscrotal hydroceles may create a 
diagnostic dilemma, as ultrasonography often fails to 
demonstrate the confluence of the abdominal cystic 
mass with the scrotum. MRI has been shown to accu- 
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rately establish the diagnosis of this condition when ul- 
trasonography failed to do so, thus affecting surgical 
management (see Fig. 17.2) .39 


Hematocele 


If a hydrocele contains blood, it is known as a hemato- 
cele. A hematocele is usually the result of trauma but it 
may also be associated with torsion, tumor, or infection. 
It demonstrates SI characteristics typical of hemorrhage, 
with increased SI on T1-weighted images and variable SI 
on T2-weighted images, depending on its age!! (see Fig. 
17.8). Fibrous septa may be present. Chronic collections 
demonstrate increased SI on all sequences.9 


Spermatocele 


A spermatocele represents a cystic dilatation of the small 
tubules that connect the epididymis to the rete testis. 
They can contain fluid, spermatozoa, lymphocytes, fat, 
and cellular debris.!5 They may occur following vasec- 
tomy, herniorrhaphy, or epididymitis and are most com- 
monly found in the epididymal head region.9 SI charac- 
teristics of simple fluid are often seen on MRI, but 
findings may vary depending on the protein content of 
the collection (Fig. 19.6). In one reported case of a mul- 
tilocular spermatocele, each cyst revealed different SI 
characteristics due to varying fluid composition.3 


Epididymal Cyst 


Epididymal cysts most commonly occur in the epididy- 
mal head region but can be found anywhere along the 
epididymis. They do not contain spermatozoa, in con- 
tradistinction to spermatoceles. Epididymal cysts are also 
more likely to have characteristics of simple fluid on 
MRI.10.15 They occasionally contain hemorrhage and 
therefore demonstrate higher SI on Tl-weighted im- 
ages.6 


Varicocele 


A varicocele is a dilatation of the pampiniform plexus of 
veins that drain the scrotal contents. It is often idio- 
pathic and is usually left-sided. Bilateral varicoceles are 
not uncommon. Varicoceles can be associated with in- 
traabdominal pathology secondary to obstruction of the 
gonadal vein. Because of the venous stasis that occurs, 
varicoceles have been implicated as a cause of male in- 
fertility. 14 

Enlargement of the inguinal canal and spermatic cord 
is present and is easily identified on MRI.3.7 The sper- 
matic cord appears heterogeneous and contains multi- 
ple serpiginous structures that extend from the cord to 
the region of the epididymal head. Increased SI within 


19. Magnetic Resonance Imaging of the Testis and Scrotum 


these structures is seen secondary to a phase shift artifact 
due to slow blood flow.3.7.15 This finding is in contrast to 
the cord hypervascularity seen with acute epididymitis, 
in which there is an increase in the number of low SI ser- 
piginous structures as a result of a high flow state.3 

Magnetic resonance imaging has been shown to be 
sensitive for detecting subclinical varicoceles. In these 
cases extrinsic abdominal compression via an inflatable 
cuff resulted in markedly increased detectability.40 How- 
ever, due to the widespread availability of lower-cost tech- 
niques, such as color flow Doppler ultrasonography, the 
practical applicability of MRI for this purpose is not clear 
at this time. 


Scrotal Hernia 


A scrotal hernia usually does not require imaging for di- 
agnosis, but it occasionally creates a diagnostic dilemma. 
Widening of the inguinal canal and spermatic cord is 
seen on MRI in all imaging planes (Fig. 19.9). The nor- 
mal testis can be seen adjacent to the complex extrates- 
ticular mass, which contains varying SIs depending on its 
contents. Air or fluid within bowel is easily identified, as 
is omental fat (see Fig. 17.14). Fat suppression tech- 
niques may be helpful in confusing cases. An incarcer- 
ated hernia can be confidently diagnosed on MRI.9 Scro- 
tal hematomas post herniorraphy can be clearly shown 
by MRI (Fig. 19.8). 


MRI of Testicular Prostheses 


A testicular prosthesis is implanted in the scrotum of a 
patient who has a congenitally absent or surgically re- 
moved testis. The MRI appearance is variable depending 
on the composition of the prosthesis. Older implants 
contain viscous fluid that demonstrates low SI on both 
Tl- and T2-weighted images. Newer implants tend to 
contain solid elastomer materials; these prostheses also 
exhibit low SI on T1-weighted images but high SI on T2- 
weighted images. A solid prosthesis and a normal testicle 
can be differentiated on the basis of chemical shift arti- 
fact, which has been consistently identified in all solid 
prostheses imaged. The absence of normal extratesticu- 
lar structures in prosthetic cases can also be helpful.4! 


Magnetic Resonance Spectroscopy 


A detailed discussion of magnetic resonance spec- 
troscopy (MRS) of the testis is beyond the scope of this 
chapter. Briefly, 31P MRS has been used in canine and 
primate models in an effort to assess its utility in the non- 
invasive evaluation of testicular ischemia and for evalua- 
tion of the metabolic integrity of spermatogenesis.4? 
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MRS of normal testicular controls has shown high levels 
of adenosine triphosphate (ATP) and monophospho- 
ester (MP) and low levels of inorganic phosphates (Pi). 
Ischemic testes demonstrated a loss of ATP and MP and 
elevated levels of Pi. The progressive decrease in the 
MP /Pi ratio was found to be specific for ischemia. Pro- 
gressive changes were measurable over time, supporting 
the value of these findings when assessing ischemic in- 
jury. Reperfusion, performed after 3 and 6 hours of is- 
chemia, resulted in ATP regeneration. Nonviability was 
reported after 8 hours of ischemia. The loss of ATP and 
MP and the rise in Pi have been substantiated in human 
cases of testicular ischemia.43 Spermatogenesis has also 
been evaluated in animal models; a decrease in the 
MP/ATP and MP/PD (phosphodiester) ratios were 
found to correlate well with a decrease in spermato- 
genesis.42 


Conclusions 


Although ultrasonography is currently the initial imag- 
ing modality of choice when evaluating acute and 
chronic scrotal abnormalities, it has limitations. Whereas 
it may demonstrate a high sensitivity for intrascrotal 
pathology, its specificity is low. 

Magnetic resonance imaging provides superior soft tis- 
sue contrast, making it highly sensitive. It also has the 
ability to image the entire scrotum and inguinal regions 
simultaneously. Its specificity has been shown to be supe- 
rior to ultrasonography in many conditions (e.g., sub- 
acute and chronic torsion, infiltrating neoplasms), as 
well as for determination of tumor type and trauma eval- 
uation. In the setting of a painful scrotum, MRI is often 
better tolerated by the patient than is ultrasonography 
or clinical examination. Although at the present time 
high cost, limited availability, and long imaging times 
make MRI impractical as a screening tool, its usefulness 
in many clinical situations is convincing. With further re- 
finements in MRI technique that allow decreased imag- 
ing times with faster sequences and greater specificity, 
perhaps by judicious use of contrast enhancement we 
can predict a growing role of MRI for the evaluation of 
scrotal pathology in the near future. 
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Congenital Anomalies of the Urethra 


Mitchell K. Rauch, Rafael Gosalbez, and Christopher G. Zaleski 


Anomalies of the urogenital tract are among the most 
common of all organ systems. Approximately 3% of live 
newborns will be found to have an abnormality of the 
genitourinary tract.! Urethral anomalies may vary from 
an insignificant incidental finding to severe obstructive 
variants incompatible with life. Only the more severe 
urethral anomalies that lead to upper tract dilatation or 
cystic dysplasia are diagnosed prenatally; others, such as 
urethral duplications or megalourethras, become evi- 
dent at birth, and still, many children present later in 
life with voiding symptoms, urinary tract infections, or 
other problems. The role of the radiologist is critical in 
the proper diagnosis and follow up of urogenital tract 
anomalies in these patients. 


Embryogenesis 


A clear understanding of the normal development of 
both the male and female urethra is important for eluci- 
dation of its malformations. Between the 4th and 7th 
weeks of fetal development, the urorectal septum divides 
the cloaca into the anorectal canal and primitive urogen- 
ital sinus. The cloacal membrane is then divided into the 
urogenital membrane, anteriorly, and the anal mem- 
brane, posteriorly. Three distinguishable sections of the 
urogenital sinus are apparent. The upper and largest 
portion is the urinary bladder. With obliteration of the 
allantois, the urachus, a thick fibrous cord, connects the 
apex of the bladder with the umbilicus. The next por- 
tion is the pelvic portion of the urogenital sinus, which 
gives rise to the prostatic and membranous urethra. 
Lastly, the definitive urogenital sinus (phallic portion) is 
flattened from side to side and is separated from the out- 
side by the urogenital membrane. 

Development of the external genitalia occurs concur- 
rently with division of the cloaca. In the indifferent stage 


during the 3rd week of development, mesenchyme cells 
originating from the region of the primitive streak mi- 
grate around the cloacal membrane to form a pair of el- 
evated folds, the cloacal folds. Unification of the folds 
cranial to the cloacal membrane forms the genital tuber- 
cle. During the 6th week, the cloacal membrane is subdi- 
vided into urogenital and anal membranes. Lateral to 
the urethral folds, another pair of elevations, the genital 
swellings, become visible. The genital swellings form the 
scrotal swellings in the male and the labia majora in the 
female. 

External genitalia development in the male is under 
the direct influence of androgens secreted by the fetal 
testes. Rapid elongation of the genital tubercle, now re- 
ferred to as the phallus, forces the urethral folds for- 
ward, to form the lateral walls of the urethral groove. 
This groove extends along the caudal aspect of the phal- 
lus but does not reach the most distal part, the glans. 
The epithelial lining of the urethral groove is of endo- 
dermal origin and forms the urethral plate. By the end 
of the 3rd month, the penile urethra is formed by the 
urethral folds closing over the urethral plate. This canal 
does not extend to the tip of the phallus. The tubular 
urethra becomes invested by mesenchyme, the future 
corpus spongiosum. This most distal portion of the ure- 
thra is formed during the 4th month when ectodermal 
cells from the tip of the glands penetrate inward and 
form a short epithelial cord. The external urethral mea- 
tus is formed when this cord obtains a lumen. With fur- 
ther development, the scrotal swellings move caudally 
and become separated by the scrotal septum. 

During development of female external genitalia es- 
trogens seem to play a role. The genital tubercle elon- 
gates only slightly, forming the clitoris. The urethral 
folds remain unfused and form the labia minora. Com- 
pleting the development of female external genitalia, 
the genital swellings enlarge and form the labia majora, 
with the open urogenital groove forming the vestibule. 
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Posterior Urethral Valves 


Valvular obstruction of the posterior urethra is the most 
common cause of lower urinary obstruction in male in- 
fants. Posterior urethral valves were first described by 
Morgagni in 1769. Hugh Hampton Young is credited 
with the first endoscopic diagnosis of posterior urethral 
valves. In 1916 he achieved the first successful trans- 
urethral treatment using a self designed endoscopic 
punch. Following these early descriptions, urologists 
rarely diagnosed these obstructions, and others doubted 
the lesion to be an entity. Widespread use of voiding cys- 
tourethrography (VCUG) has significantly contributed 
to the early recognition of posterior urethral valves be- 
cause, until very recently, miniaturized cystoscopes for 
newborns were unavailable. In general, valves have a 
probable incidence of 1:5000 to 1:8000 in boys. 


Embryology 


Although congenital, posterior urethral valves do not 
seem to have a genetic basis. Numerous theories have 
been proposed to explain their etiology. Tolmatschew 
(1870) considered valves to be extreme developments of 
normally occurring folds and ridges of the urethral wall. 
Bazy (1903) thought they were the remnants of the uro- 
genital membrane. Lowsley (1912) postulated that they 
were the product of an anomalous junction of the ejacu- 
latory (wolffian) duct and the prostatic utricle (miller- 
ian duct); he described fibers attaching themselves 
around the entire circumference of the urethra in an au- 
topsy specimen. Later Stephens (1963) believed that 
type I valves resulted from an abnormal anterior inser- 
tion and persistence of the distal extremity of the wolf- 
fian ducts, whereas type III valves represent persistence 
of the urogenital membrane. The latter is the most 
widely accepted theory to date. 


Classification 


Young, Front, and Baldwin (1919) proposed a classifica- 
tion designed to include all types of congenital urethral 
valves. Subclassified into three anatomic groups, this 
classification is still used today although controversy ex- 
ists as to its clinical significance and accuracy. 

Type I congenital urethral valves are folds that extend 
distally from the verumontanum to divide into two mem- 
branes that attach to the anterolateral walls of the ure- 
thra. A craniocaudal slit-like urethral lumen between the 
folds is characteristic of type I valves. Obstruction of the 
urethra occurs secondary to valvular effects. Type II 
valves are folds that arise from the verumontanum but 
proceed proximally to divide into membranes approach- 
ing the bladder neck. The type II valve has no real em- 
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bryonic origin and has not been generally accepted as 
an obstructing entity by pediatric urologists. 

Type III valves embryologically reflect persistence of 
the urogenital membrane, which leads to a centrally per- 
forated diaphragm perpendicular to the long axis of the 
urethra and located distal to the verumontanum but 
cephalad to the junction of the bulbous and membra- 
nous urethras. 

In search of a clearer classification, Hendren pio- 
neered the concept that valves are a spectrum disorder 
and classified them based on the degree of upper tract 
repercussion as mild, moderate, and severe. This classifi- 
cation has clinical relevance because it is the status of the 
upper tracts and not the type of valve that determines 
the patient’s prognosis. 


Prenatal Diagnosis 


With the increasing use of prenatal sonography, many 
congenital anomalies are being diagnosed in utero. The 
incidence of genitourinary anomalies detected on pre- 
natal sonography is about 0.2%2 The most common uro- 
logic abnormality is hydronephrosis, and the most com- 
mon pathologic finding is ureteropelvic junction 
obstruction. Although posterior urethral valves are un- 
common, early diagnosis is of particular interest in this 
group of patients. Although most fetuses with posterior 
urethral valves are not candidates for prenatal interven- 
tion, early postnatal evaluation and management has 
contributed most significantly to improving the progno- 
sis and final outcome of these patients.3 Bilateral hy- 
droureteronephrosis with a distended thick walled blad- 
der in a male fetus is the hallmark for diagnosis. With 
recent improved sonographic equipment and scanning 
techniques, documentation of a dilated posterior ure- 
thra is not uncommon (Fig. 20.1). 

Prenatal intervention is indicated only in selected fe- 
tuses with progressive oligohydramnios, good urinary in- 
dices (Table 20.1), and no evidence of renal cystic dys- 
plasia.t Fetal intervention is undertaken to provide a 
shunt between the bladder and the amniotic cavity, 
thereby restoring the amniotic fluid volume and allow- 
ing normal pulmonary development. A discussion of the 
various fetal interventions is beyond the scope of this 
chapter. 

In summary, the incidence of posterior valves is rare in 
the total group of fetuses with a prenatal diagnosis of a 
urologic anomaly. 


Clinical Presentation 


Bladder outlet obstruction due to posterior urethral 
valves may occur at different stages of gestation. There 
are reports of late detection during the third trimester of 
pregnancy when earlier sonograms were negative. Simi- 
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will 


FIGURE 20.1. Coronal image through a fetal pelvis demonstrates 
a markedly distended urinary bladder and dilated proximal 
urethra secondary to posterior urethral valves (arrow). A di- 
lated ureter is also shown adjacent to the fetal bladder (arrow- 
heads). (Case courtesy of Christine Comstock, MD.) 


larly there are reports of valves diagnosed during infancy 
when late gestation sonograms were negative.5 

When diagnosed postnatally, the timing and clinical 
presentation of patients with valves depend largely on 
the degree of obstruction.6 Newborns with severe ob- 
struction present with severe respiratory distress due to 
pulmonary hypoplasia or spontaneous pneumothorax. 
Urinary dribbling or even retention, a palpable bladder 
or kidneys, and failure to thrive are common presenta- 
tions in this age group. Urinary ascites has also been re- 
ported.’ In older children urosepsis, difficulty with potty 
training, urinary incontinence, or polyuria and polydyp- 
sia (due to failure of the kidneys to concentrate urine) 
may be the presenting symptom. 

Because posterior urethral valves are the most com- 
mon cause of urethral obstruction in the male infant, 
child, or adolescent, the diagnosis should be considered 
in males in this age group who have voiding difficulties 
or unexplained dilatation of the upper urinary tracts. 
Rarely, posterior urethral valves may remain undetected 
until adult life. 

Both diagnosticians and clinicians should be aware 
that posterior urethral valves associated with bilateral 
cryptorchidism may simulate the prune belly syndrome.8 
Marked abdominal distention, which may simulate con- 
genitally absent abdominal musculature, was present in 


TABLE 20.1. Prognostic features for good renal function 


Urinary sodium < 100 mEq/L 
Urinary chloride < 90 mEq/L 
Osmolality < 210 mOsm/L 
Urine output > 2 ml/hr 
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22% of the full-term neonates with posterior urethral 
valves.9 The incidence of cryptorchidism was 12%, com- 
pared with the reported incidence of 2.7% in normal 
full-term neonates. 

Congenital anomalies associated with posterior ure- 
thral valves are rare, but associations have been de- 
scribed with the prune belly syndrome and duplication 
of the colon. 


Diagnosis 


The cornerstone for the diagnosis of posterior urethral 
valves is a VCUG. Only rarely is the diagnosis missed by a 
VCUG and later confirmed by cystoscopy. The salient ra- 
diographic features include a dilated posterior urethra 
and an abrupt transition in caliber from the prosta- 
tomembranous urethra to the anterior urethra, the lat- 
ter of which often appears filiform (Fig. 20.2). Although 
the urethral caliber distal to the valves varies with the de- 
gree of obstruction, the urethra distal to a significant 
valve can have a normal caliber. The valves are often 
clearly visualized as filling defects traversing from the 
floor of the urethra toward the roof in oblique views 
(Fig. 20.3). Posterior urethral valves may simulate a di- 
verticulum of the bulbous urethra if they originate near 


FIGURE 20.2. Fluoroscopic spot film during voiding demon- 
strates a dramatic change in caliber at the site of posterior ure- 
thral valves with a markedly dilated posterior urethra and a fili- 
form anterior urethra. The radiographic appearance of the 
posterior and anterior urethra varies with the degree of ob- 
struction. 
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FIGURE 20.3. Oblique radiograph of the bladder and urethra 
during voiding demonstrates filling defects traversing the floor 
of the urethra consistent with posterior urethral valves. Notice 
the lack of bladder wall trabeculations usually associated with 
posterior urethral valves. 


the membranous urethra and prolapse into the bulbous 
urethra. The bladder neck appears hypertrophied, a fea- 
ture also easy to appreciate by sonography (Fig. 20.4). 
Catheterization is difficult at times in these small infants. 
One should use 5 Fr or 8 Fr feeding tubes and not Foley 
catheters for the study. If a Foley catheter is used, avoid 
inflating the balloon until confirmation of proper 
catheter placement is obtained to avoid further damag- 
ing the posterior urethra (Fig. 20.5). The presence of 
the catheter itself does not seem to obscure the diagnosis 
of posterior urethral valves10 (Fig. 20.6). Bladder trabec- 
ulation, diverticulum formation, and detrusor hypertro- 
phy are common findings. During fluoroscopy with con- 
trast in the bladder, there is dilatation of the 
hypertrophied neck of the bladder when the patient at- 
tempts to void. The insinuation of the dilated posterior 
urethra beneath the bladder neck may lead to a false di- 
agnosis of bladder outlet obstruction. Careful fluoro- 
scopic observation is necessary, preferably with a digital 
fluoroscopic system, to document the location of the ob- 
struction while limiting patient gonadal radiation. 
Vesicoureteral reflux is present in more than 50% of 
cases and is generally secondary to high intravesical pres- 
surell (Fig. 20.7). Reflux acts as a pop-off valve mecha- 
nism that protects the contralateral kidney from elevated 
bladder pressures but often destroys the refluxing unit. 
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The term VURD syndrome (vesicoureteral reflux and 
dysplasia) was coined by Hoover and Duckett to charac- 
terize those patients with unilateral reflux into a non- 
functioning unit (Fig. 20.8) .12 

Sonography is extremely useful in the diagnosis of pos- 
terior urethral valves. It not only allows us to visualize a 
dilated posterior urethra, but also to evaluate the re- 
mainder of the urinary tract. It is important to obtain a 
baseline study to which we compare follow-up studies. 
The bladder wall usually appears thick and trabeculated 
and there is a variable degree of unilateral or bilateral 
hydronephrosis. We must assess renal size, parenchymal 
thickness, and echogenicity, and determine the presence 
or absence of renal parenchymal cysts. Recent studies 
suggest that transperineal sonography may be more sen- 
sitive than suprapubic sonography for detecting urethral 
dilatation. Using this technique, Cohen et al. identified 
a linear area of echogenicity consistent with a valve in 
most transperineal scans in addition to better visualizing 
the bladder neck and posterior urethra.13 

Diuretic renography while the bladder is on catheter 
drainage allows accurate assessment of renal function 
and provides valuable information regarding drainage of 
the collecting system. Excretory urography has a limited 
role in the evaluation of neonates with posterior urethral 
valves. A retrograde urethrogram (RUG) usually does 
not demonstrate the valves because the contrast flattens 
the leaflets against the lateral urethral walls. Similar to a 
VCUG, the findings on a RUG may also mimic bladder 
outlet obstruction. 

The differential diagnosis of posterior urethral valves 
includes the following: normal mucosal folds, urethral 
stricture, neurogenic bladder, voluntary contracture of 
the external sphincter, ectopic ureterocele, prune-belly 
syndrome, hypertrophy of the verumontanum, anterior 
urethral obstruction, idiopathic dilatation of the poste- 
rior urethra, prolapse of a simple ureterocele,!4 and ure- 
thral polyp. 


Management 


Mortality among patients with posterior urethral valves is 
most commonly secondary to pulmonary complications, 
such as bronchopulmonary dysplasia or hypoplasia 
which occurs as a result of the early onset of oligohy- 
dramnios.15 To date, prenatal intervention techniques 
have predominantly focused on providing an effective 
shunt of urine from the bladder to the amniotic cavity, 
but results have been most disappointing. Early termina- 
tion of pregnancy has become the most common form 
of prenatal intervention in severe cases associated with 
oligohydramnios. 

Mortality among newborns who do not have pul- 
monary compromise has decreased very significantly for 
several reasons: better understanding of fluid and elec- 
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FIGURE 20.4. (A) Sagittal sonographic image through a male 
neonatal pelvis demonstrates trabeculations of the wall of the 
hypertrophied neck of the urinary bladder and a dilated poste- 
rior urethra secondary to posterior urethral valves. (B) Similar 
sagittal sonographic image as in (A) labelled for orientation. 
BL = bladder, PU = posterior urethra. (C) Lateral radiograph 
from a cystogram confirms the presence of bladder neck hy- 
pertrophy and a trabeculated bladder wall. 
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FIGURE 20.5. Oblique radiograph from a cystogram demon- 
strates a dilated posterior urethra with an abrupt transition in 
caliber at the site of the posterior urethral valves. Notice that 
the balloon of the Foley catheter is inflated within the dilated 
posterior urethra, not the bladder neck. This may lead to fur- 
ther damage of the urethra. 
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trolyte imbalances and renal pathophysiology in the new- 
born, early diagnosis with prompt bladder decompres- 
sion, and prevention of urosepsis. Our treatment goals 
are to maximize the recovery of renal function and facil- 
itate bladder healing to prevent the detrimental seque- 
lae resulting from bladder dysfunction in these pa- 
tients.16 Once the initial diagnosis of valves is confirmed, 
the bladder is drained transurethrally with a feeding 
tube and electrolyte abnormalities are corrected. There 
seems to be little disagreement that if the nadir serum 
creatinine decreases below 1.5 mg/dl, primary valve ab- 
lation (PVA) is the treatment of choice. Controversy re- 
mains as how to best treat patients with a persistently ele- 
vated creatinine following several days of bladder 
catheter drainage. Most clinicians advocate proximal uri- 
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FIGURE 20.6. Posterior urethral valves on an oblique digital flu- 
oroscopic spot film from a VCUG. As in this case, the 8 Fr feed- 
ing tube used to instill contrast into the bladder usually does 
not obscure the diagnosis. 


FIGURE 20.7. AP radiograph from a voiding cystourethrogram 
consistent with posterior urethral valves. Unilateral right grade 
V vesicoureteral reflux is present. 
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nary diversion via vesicostomy or even cutaneous ureter- 
ostomies when vesicostomy fails to provide adequate de- 
compression of the upper urinary tracts and lower 
serum creatinine levels.17 Mounting clinical data, how- 
ever, seems to indicate that renal function seldom im- 
proves significantly after proximal diversion. In addi- 
tion, concerns about defunctionalizing the bladder!8 
have led some authors to advocate primary valve abla- 
tion in all patients regardless of serum creatinine levels. 

Miniaturization of modern endoscopic equipment al- 
lows visualization of the male urethra in most cases. In- 
spection of the prostatic urethra should be performed 
with the bladder distended, allowing for accentuation of 
the valves (Fig. 20.9). One must be cognizant of the ap- 
pearance of normally present urethral folds. One can 
differentiate the two by hooking and engaging a resecto- 
scope loop around a valve. The loop would not hook 
onto a normally occurring urethral fold. Valve ablation 
can be performed endoscopically with a 3 Fr Bugbee 
electrode, using pure cutting current, through an 8 Fr or 
10 Fr pediatric endoscope. Disruption of the valves can 
be performed at the 5 and 7 o’clock positions as de- 
scribed by Hendren,® or at the 12 o’clock position at the 
valves’ anterior junction. Ablation of posterior urethral 
valves has also been successful with the use of an infant 
resectoscope cutting loop,!9 but care must be used to 
prevent surrounding cautery injury of the urethra. 
Cromie et al. described the use of a venous valvulotome 
to disrupt valves in small infants under fluoroscopic con- 
trol, without the need for general anesthesia.20 Others 
described the use of the neodymium (ND): YAG laser,21 
a visual cold knife,?2 or a Fogarty catheter.23 A follow-up 
voiding cystourethrogram should be obtained 6 to 8 
weeks post ablation to document satisfactory resolution 
of the outlet obstruction. Urethral dilatation and blad- 
der changes may remain radiographically evident for 
some time and should not be interpreted as continued 
outlet obstruction. However, following early potential 
valve ablation we can expect significant improvement in 
bladder appearance and function in a few months (Fig. 
20.10). 

Vesicoureteral reflux is noted in approximately one- 
half of patients with posterior urethral valves at the time 
of original diagnosis. In about one-half of these patients 
reflux resolves spontaneously following valve ablation. 
Johnston et al.24 showed that most ureters that continue 
to reflux will do so into nonfunctioning renal units and 
would eventually require surgical excision. 

Congenital urethral valves in the female infant are 
rare, likely because there are no analogous structures in 
the female urethra corresponding to the inferior ure- 
thral crest in the male. The sites of obstruction include 
anterior, middle, and posterior thirds of the urethra, the 
latter usually occurring at the internal urethral orifice.25 
Distal urethral obstructions are usually secondary to mu- 
cous membrane folds immediately behind the external 
meatus. 
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FIGURE 20.8. (A) Oblique film from a voiding cystourethro- vesicoureteral reflux. (C) Triple phase renal scintigraphy with 
gram demonstrates an abrupt transition from the dilated pos- Tc-99m-labeled mercaptoacetyltriglycine (MAG-3) demon- 
terior urethra to the filiform anterior urethra. Notice the di- strates absence of uptake of the radiotracer in the right renal 
lated, tortuous ureter inserting posteriorly into the bladder. fossa and delayed excretion from the left collecting system. At 
(B) Post-void image from the same study demonstrating large one hour, the activity in the left kidney has been cleared, but 
amounts of residual contrast in the bladder and right grade V the right kidney is still not visualized. 


FIGURE 20.9. (A) Cystoscopic appearance of posterior urethral valve. (B) Cystoscopic appearance of posterior urethra after valve 
ablation with 3 Fr Bugbee electrode on cutting current. 
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FIGURE 20.10. (A-E) Oblique (A), lateral (B), and AP (C) films 
during a voiding cystourethrogram demonstrates findings clas- 
sic for posterior urethral valves. Oblique voiding digital spot 
film (D) and post-void AP digital spot film (E) from a VCUG 


Anterior Urethral Valves 


Anterior urethral valves are a rare cause of infravesical 
urinary tract obstruction in the male, approximately 7 to 
10 times less common than posterior urethral valves.26 
Anterior urethral valves were first described in the late 
1950s by Williams?” and Hope,?8 who brought attention 
to this urethral anomaly. They may occur anywhere from 
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obtained 3 months following surgery demonstrate the return 
of the posterior urethra and bladder wall to normal. Notice the 
bladder diverticulum projecting off the posterior aspect of the 
bladder neck (arrow). 


the bulbous urethra to the fossa navicularis. They repre- 
sent a spectrum of disorders both clinically and morpho- 
logically. Symptoms at presentation range from minimal 
voiding dysfunction to urinary retention and azotemia. 
Similarly, anatomical findings may vary from a ventral 
urethral mucosal fold without diverticulum formation or 
upper tract changes to a more severe anterior urethral 
deformity with massive upper tract dilatation. Thus, a 
uniform therapeutic approach cannot apply to all cases. 
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Embryology 


Proposed embryologic explanations for the develop- 
ment of anterior urethral valves remain unclear. They in- 
clude faulty alignment of the glandular and penile ure- 
thra for valves located in the fossa navicularis,29 and an 
abortive attempt at urethral duplication for those lo- 
cated in the penile and bulbous urethra.30 Some believe 
urethral diverticulae are a separate entity, arising either 
from a deficient development of the ventral corpus 
spongiosum or a congenital cystic dilatation of the peri- 
urethral glands. When the diverticulum undermines the 
urethra, a distal lip may result that acts as a pseudovalve, 
creating an obstruction upon micturition. 


Classification 


Firlit et al.26 classified anterior urethral valves into four 
types according to morphologic changes in the urethra 
and upper urinary tract. Type I is proximal urethral dis- 
tention, type II is a proximal urethral diverticulum with a 
normal-appearing bladder and upper tract, type III is a 
combination of a diverticulum with urethral and bladder 
distention and mild ureterectasis, and type IV is urethral 
obstruction with severe upper tract changes. This classi- 
fication seems to imply a linear progression from a valve 
to a diverticulum to upper tract changes, depending on 
the degree of obstruction, which is not true in all cases. 
Severe dilatation of the entire urethra proximal to the 
obstructive valve may occur in the absence of a true di- 
verticulum. 


Clinical Presentation 


Presenting age varies from birth to adulthood, reflecting 
not only the wide spectrum of presenting symptoms, but 
also the difficulty in making the correct diagnosis. De- 
spite the widespread use of prenatal sonography, there 
have been no reported cases of anterior urethral valves 
diagnosed in utero. Neonates and infants often present 
with a poor urinary stream, ballooning of the ventral 
urethra with micturition, failure to thrive or uremia. 
Older children may present for evaluation of enuresis, 
daytime wetting, blood staining of underclothes, or uri- 
nary dribbling. Recurrent urinary infections, urinary re- 
tention, and renal insufficiency have been described as 
the presenting symptoms in both infants and children. 
In our experience, neonates and infants tend to present 
with more severe obstructive uropathy than older chil- 
dren (Fig. 20.11). Vesicoureteral reflux was present in 
about half of the children. 


Diagnosis 


The cornerstone in the diagnosis of anterior urethral 
valves is the VCUG. In a review by Golimbu et al., it was 
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FIGURE 20.11. Photograph of neonate with ruptured anterior 
urethral diverticulum. 


reported to be 95% successful in making the correct di- 
agnosis.3! Valves located in the fossa navicularis may be 
difficult to visualize. Unless the entire urethra is prop- 
erly imaged, the diagnosis may remain elusive. Bladder 
trabeculation and vesicoureteral reflux are common 
findings and should be properly evaluated. Retrograde 
urethrography is seldom helpful in making the diagno- 
sis, although some have reported its usefulness when the 
index of suspicion is high despite a negative VCUG.32 A 
functional study of the kidneys remains an integral part 
of the initial workup. We favor a diuretic enhanced Tc- 
99m-labeled mercaptoacetyltriglycine (MAG-3) renal 
scan over an intravenous urogram because it offers addi- 
tional information when dilatation of the upper urinary 
tract is present. The role of urodynamics in the evalua- 
tion of these patients should not be overlooked. A base- 
line study helps determine the obstructive nature of this 
lesion and provides an objective parameter for compari- 
son following surgical removal of the valves. In our expe- 
rience, despite severe upper tract changes in some pa- 
tients, the bladder dysfunction is not as severe as in 
patients with posterior urethral valves. Cystoscopy is the 
last step in the evaluation of these patients. Although 
current instruments allow examination of virtually all 
patients, cystoscopy may prove challenging in male neo- 
nates and small infants. There are several reports33-35 
where multiple cystoscopic procedures failed to identify 
the valves. The antegrade flow of irrigation fluid may 
cause the valve to collapse and not be apparent to the ex- 
aminer. To minimize this occurrence one allows the 
bladder to fill, interrupts the irrigation flow, and in- 
duces voiding with moderate suprapubic pressure while 
examining the anterior urethra. The cystoscopic appear- 
ance of anterior urethral valves is variable and does not 
seem related to valve location. They have been described 
as cusp-like, iris-like, and semilunar, the former most 
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common. Some authors advocate the use of a small hook 
to gently stroke the ventral aspect of the urethra when a 
valve is not readily apparent.35 We emphasize the use of a 
Q-degree lens when examining the anterior urethra for 
valves. 

An uncommon entity sometimes confused with ante- 
rior urethral valves is the congenital saccular diverticu- 
lum of the anterior urethra. Although uncommon, it is 
the second most common cause of congenital urethral 
obstruction in the male.36 First described by Gross and 
Bill in 1948,37 additional cases along with literature re- 
views have been since published.38 

Two types of congenital diverticula have been de- 
scribed.39 The saccular type is a focal outpouching from 
the ventral wall of the anterior urethra, whereas the dif- 
fuse type, also termed megalourethra, is a generalized di- 
latation of the anterior urethra and is much less com- 
mon. With dilatation of the saccular diverticulum, the 
distal lip of the pouch presses up against the dorsal wall 
of the urethra, causing obstruction to outflow of urine. 

The etiology of congenital anterior urethral diverticu- 
lum is unclear.40 Clinical presentation depends on the 
degree of obstruction, ranging from poor urinary 
stream, acute urinary retention, a penile mass, or uri- 
nary tract infection. Urographically, the appearance of 
the saccular anterior urethral diverticulum is character- 
ized by a ventral outpouching involving the midportion 
of the penile urethra with a broad communication with 
the urethral lumen. In contrast to the anterior urethral 
valve, the caudal portion of the diverticulum forms an 
obtuse angle with the lumen of the urethra. Differential 


FIGURE 20.12. (A) Preoperative VCUG demonstrates dilatation 
of the entire urethra with an abrupt transition in the anterior 
urethra in this neonate with anterior urethral valve. Note the 
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diagnostic considerations are anterior urethral valve and 
dilated Cowper’s gland duct, the latter of which parallels 
the lumen of the bulbous urethra ventrally and termi- 
nates at the urogenital diaphragm. Rarely, ureteral ec- 
topia into Gartner’s ducts may present as urethral diver- 
ticula in girls.41 

While the treatment of anterior urethral valve is 
transurethral resection, anterior urethral diverticuli are 
usually treated with diverticulectomy and urethroplasty. 

When the congenital diverticulum arises from the dor- 
sal aspect of the fossa navicularis, it is termed lacuna 
magna. It is most often asymptomatic, but may be associ- 
ated with dysuria, hematuria, or bloody spotting of un- 
derwear. Most cases of lacuna magna are not diagnosed 
urographically, either because of the lack of familiarity 
with the diagnosis or prevention of filling of the orifice 
of the diverticulum by a mucosal leaflet. Urographically, 
lacuna magna can be mimicked by a drop of contrast ex- 
ternal to the patient.42 Because of the risk of iatrogenic 
strictures, endoscopy is not recommended. Treatment 
consists of destroying the diverticular nature of the la- 
cuna by establishing continuity of the lacuna with the 
urethra. 


Management 


Various proposed treatment options for anterior ure- 
thral valves include mechanical disruption under direct 
vision, endoscopic resection, open resection with pri- 
mary closure, open resection, and urethrostomy fol- 
lowed by delayed urethroplasty and proximal urinary di- 


reflux of contrast into normal Cowper’s glands. (B) Normal 
urethral caliber is demonstrated on a VCUG after successful 
meatotomy and transection of the anterior urethral valve. 
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version via vesicostomy or cutaneous ureterostomies with 
secondary valve resection. 

There are several important factors when considering 
the initial surgical approach to patients with anterior 
urethral valves. Those with impaired renal function, 
urosepsis, or a large urethral diverticulum are generally 
not good candidates for primary endoscopic valve resec- 
tion and require an individualized approach. Most other 
patients, including infants, should undergo endoscopic 
valve resection at the time of diagnosis. The small caliber 
of current resectoscopes allows urethral instrumentation 
with a reasonable margin of safety in experienced hands 
(Fig. 20.12). Once the valve has been visualized, the re- 
sectoscope loop is used to engage the valve and, with 
gentle back and forth motion, identify the amount of tis- 
sue to be resected. A superficial incision between the 5 
and 7 o’clock positions will usually suffice to remove the 
mucosal fold. One should avoid deep cuts that may dis- 
rupt the spongiosum and result in future stricture for- 
mation. Valves located in the fossa navicularis are not 
easily accessible with the resectoscope. In such cases, en- 
gaging the valve with a crochet hook which is then pro- 


FIGURE 20.13. (A) Voiding image from a VCUG demonstrates a 
ventral outpouching of the anterior urethra in this neonate 
with anterior urethral diverticulum. (B) Intraoperative photo- 
graph demonstrates a catheter within the urethral lumen. The 
diverticulum has been divided ventrally and the careful task of 
reconstructing the anterior urethra remains. A transurethral 
catheter will remain in place while the urethral lumen under- 
goes reepithelialization. (C) Voiding image from a postopera- 
tive VCUG demonstrates a patent anterior urethra of more 


normal caliber following diverticulectomy. 
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lapsed through the meatus and disrupted or excised un- 
der direct vision, as described by Scherz et al.,29 might be 
the best approach. A meatotomy may facilitate this ma- 
neuver in some cases. In most cases, urethral stenting for 
24-48 hours following urethral manipulation is sug- 
gested. 

Large anterior urethral diverticula are usually associ- 
ated with a deficient corpus spongiosum and may 
weaken or disrupt Buck’s fascia. Endoscopic resection of 
the distal obstructing mucosal lip does not restore a nor- 
mal anatomic urethral configuration in such cases. Per- 
sistence of the diverticulum may lead to continued 
postvoid dribbling and recurrent urinary tract infec- 
tions. In the adolescent patient it may also interfere with 
normal ejaculation. Open surgical excision and urethral 
reconstruction is the preferred surgical approach in 
such cases (Fig. 20.13). A staged approach consisting of 
primary excision of the diverticulum and urethrostomy, 
followed by a second'stage Johannsen urethroplasty may 
be preferable in some cases. 

Patients with dilated upper tracts and vesicoureteral 
reflux are followed with serial renal scintigraphy and 
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VCUGs. Secondary reflux may resolve following relief of 
obstruction. Urethral stricture secondary to endoscopic 
or open valve resection may take several months to de- 
velop and these patients require long-term follow-up to 
evaluate any changes in the urinary stream or voiding 
pattern. 

Anterior urethral valves represent a spectrum disorder. 
An individualized approach is necessary to achieve maxi- 
mum recovery of renal function, restore a normal ure- 
thral anatomy, and prevent complications. 


Megalourethra 


Megalourethra is a rare congenital abnormality charac- 
terized by severe dilatation of the penile urethra. This 
abnormality was first named and described by Nesbitt in 
1955.43 It occurs in two clinical variants, scaphoid and 
fusiform, described according to its extent and physical 
appearance. Both types involve extensive defects in the 
formation of the urethra and corpora spongiosum and 
often the corpora cavernosa as well (Figs. 20.14, 20.15). 
Scaphoid megalourethra involves a local defect in the 
corpus spongiosum. It is the more common and less se- 
vere form of megalourethra, and it is frequently associ- 
ated with life threatening anomalies as compared to the 
fusiform variant. Fusiform megalourethra is rare and 
usually associated with disorders that are incompatible 
with life. In this type of megalourethra, there is a com- 
plete absence of both the corpus spongiosum and cor- 
pora cavernosa, resulting in a grossly dilated saclike ure- 
thra covered only by skin and subcutaneous tissue.44 
Megalourethra is frequently accompanied by upper uri- 
nary tract anomalies and the prune belly syndrome. In- 
dividualized management strategies must be utilized to 
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FIGURE 20.14. Line drawing depicting the scaphoid type of 
megalourethra. Only a portion of the ventral aspect of the cor- 
pus spongiosum is absent. 


maximize renal function and voiding dynamics and min- 
imize the risk of urosepsis.45 


Embryology 


During normal embryonic development, the anterior 
segment of the cloaca develops into the urethral groove, 
which closes to form the urethra and connects with the 
ectodermal ingrowth of the glans. In a normal fetus, this 
canalization and connection between the penile and 
glandular segments is complete by the 18th week of de- 
velopment. It is postulated that in patients with mega- 
lourethra, the proximal and distal urethrae form in the 
proper manner, but canalization of the epithelial core of 
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FIGURE 20.15. (A, B) Line drawings depicting two degrees of severity of the fusiform type of megalourethra. Notice the complete 
absence of the corpus spongiosum and resultant failure of urethral support. 
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the glandular segment is delayed, causing a temporary 
high grade obstruction.46 The canalization eventually be- 
comes complete but not before the proximal penile ure- 
thra dilates and distends. Moderate delay in canalization 
may give rise to compression and arrest of formation of 
the corpus spongiosum and to scaphoid megalourethra 
of differing severity. Further delay may lead to increased 
dilatation of the penile urethra as well as failure of cor- 
pora cavernosa development and the fusiform appear- 
ing megalourethra. Others associate megalourethra with 
deficient mesenchymal differentiation.4’ It is a failure of 
formation of the mesodermal columns, which eventually 
forms the corpus spongiosum, that leads to lack of ven- 
tral support and allows the massive dilatation. 


Clinical Presentation 


Although prenatal diagnosis of megalourethra has been 
reported,44,48 the diagnosis is usually made during the 
neonatal period based on the striking appearance of the 
phallus. The penis is flabby, long, and sac-like. There is 
an abundance of redundant skin, and with micturition 
the urinary stream is poor and the dilated segment of 
urethra distends with urine. Postvoid dribbling is com- 
mon because retained urine in the dilated urethra emp- 
ties over time. 

Although megalourethra may occur as an isolated 
event, it is more commonly associated with other uro- 
logic and nonurologic anomalies, with urologic anom- 
alies associated with the fusiform and scaphoid types in 
100% and 74% respectively.49 Fusiform megalourethra, 
with histologic absence of both the corpora cavernosa 
and spongiosum, can be associated with severe renal dys- 
plasia and other anomalies such as imperforate anus, 
recto-urethral fistula, megacystis, and the prune-belly 
syndrome. Bulbous urethra dilatation was evident in 
68% of patients with prune belly syndrome, most of the 
scaphoid variety.46 The mesenchymal development ar- 
rest responsible for the prune belly syndrome may also 
explain the urethral malformation. Commonly associ- 
ated genitourinary anomalies include vesicoureteral re- 
flux, hydroureteronephrosis, cryptorchidism, bladder di- 
verticula, unilateral renal agenesis, and hypospadias. 


Diagnosis 


Although physical exam is diagnostic, nearly one-third of 
all reported cases of megalourethra were missed during 
the neonatal period. Radiographic evidence of mega- 
lourethra can be obtained with a VCUG, which demon- 
strates the anomaly (Fig. 20.16) and allows evaluation of 
the remainder of the urethra and bladder. Because sep- 
sis is a potential lethal complication, invasive manipula- 
tion of the lower urinary tract in these fragile neonates 
must be covered with parenteral antibiotics. Often there 
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FIGURE 20.16. Oblique image from a voiding cystourethrogram 
demonstrates diffuse distention of the anterior urethra with a 
normal prostatic urethra. The curvature of the penis is upward 
when the urethra is filled with urine or the penis is erect due to 
the lack of ventral support from the corpus spongiosum. 


is associated posterior urethral dilatation and vesi- 
coureteral reflux. An intravenous urogram must be per- 
formed in search of other associated genitourinary 
anomalies. | 

The differential diagnosis of megalourethra should in- 
clude urethral diverticulum and anterior meatal agene- 
sis. Prenatally, the differential diagnosis must also in- 
clude posterior urethral valves and urethral agenesis. 
The latter two diagnoses can be excluded if there is a 
normal or increased amount of amniotic fluid as is seen 
with megalourethra. An effort to sonographically visual- 
ize the penis and urethra must be made to rule out 
megalourethra whenever signs of lower urinary obstruc- 
tion are observed in the prenatal sonogram. The postna- 
tal differentiation between megalourethra and the for- 
mer two diagnoses can be made urographically. 


Management 


Initial management is directed toward providing ade- 
quate drainage of the lower urinary tract. In viable new- 
borns with absence of the corpus cavernosa tissue we 
must also consider the need for gender reassignment. In 
patients with minimal upper tract changes, primary re- 
pair of the urethral abnormality may be sufficient to re- 
lieve the stasis caused by the urethral dilatation. Nesbit 
described the classic approach to its surgical manage- 
ment. A circumferential subcoronal incision is made, 
and the penile skin is degloved to the base of the penis. 
The urethra is opened longitudinally for its entire length 
and then tailored over an appropriately sized catheter. A 
multilayer closure is performed to prevent recurrence. 
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Excessive skin is excised and the edges reapproximated. 
The urethral catheter is left indwelling for 1 week. Cos- 
metic results are usually satisfactory. 


Urethral Duplication 


Descriptions of urethral duplications date back to the 
time of Aristotle. Although rare, it is one of the more in- 
triguing urethral anomalies. The classification by Eff- 
man et al. seems to be the most complete, anatomically 
correct, and clinically useful.50 Most duplications occur 
in the sagittal plane, one dorsally and one ventrally lo- 
cated, originating separately from the bladder. Collat- 
eral, or side-by-side, duplications in the absence of blad- 
der duplication have been described.5! Treatment 
depends on the presentation. Urethral duplication may 
not always require surgical management, and some cases 
are discovered incidentally on a VCUG. 


Embryology 


Given the varied anatomic malformations seen with ure- 
thral duplications, it is unlikely that the same embry- 
ologic explanation can apply to all cases. Duplication of 
the urethra having separate bladder orifices is believed 
to arise from abnormal relationships between the lateral 
anlagen of the genital tubercle and the ventral end of 
the cloacal membrane. Normally, the fusion of these an- 
lagen in front of the urogenital portion of the cloacal 
membrane forms a bar to the ventral extent of the mem- 
brane. Should the tubercles unite slightly more posteri- 
orly than usual, or should the membrane extend further 
ventrally than usual, a portion of the membrane remains 
in front of the tubercle.5° It is important to note that the 
lower or ventral urethra is the more functional, generally 
containing the verumontanum, sphincter, and accessory 


glands. 


Classification 


The most complete classification has been offered by 
Effman et al.50 Type I duplications are blind incomplete 
urethral duplications, also called accessory urethra. 
They have an external meatus but are just a blind ending 
sinus tract. Type II duplications are further divided into 
IIa(1), Ila(2), and IIb. These anomalies represent com- 
plete urethral duplications, subclassified into the dupli- 
cation ending in two meati (IIa), or a complete duplica- 
tion joining at one meatus (IIb). The Ila(1) subtype 
includes complete urethral duplication with two inde- 
pendent meati with both urethras noncommunicating 
and arising independently from the bladder. A duplica- 
tion with two meati with a second channel arising from 
the first and exiting independently is classified as the 
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IIa(2) subtype. The Y type perineal or rectal fistula asso- 
ciated with a stenotic, normally located penile urethra 
can be classified into the IIb category. 

Bates and Lebowitz recently characterized the radi- 
ographic appearance of the extremely rare anomaly of 
congenital urethroperineal fistula, distinguishing it 
from the hypospadiac form of urethral duplication.52 In 
the former, the normally positioned dorsal channel is 
the normal urethra, both anatomically and functionally, 
whereas in the latter, the ventral urethra is the functional 
channel. Anatomically, the urethroperineal fistula is a 
second channel, originating from the bulbous urethra 
and opening onto the perineum. 

Urographically, both dorsal and ventral channels must 
be demonstrated in their entirety. This usually requires 
both retrograde urethrography and voiding cystoure- 
thrography.5°0 To confirm the radiographic findings, cys- 
toscopy is usually performed. Determination of the loca- 
tion of the urethral sphincter is performed using 
urodynamic techniques. 

The distinction between these two entities is important 
with respect to the surgical correction of the anomaly. 
Since the dorsal urethra is the functional channel in 
congenital urethroperineal fistula, resection of the ven- 
tral channel is nearly universally reparative. In contrast, 
resection of the functional ventral channel in the hy- 
pospadiac form of urethral duplication can be disas- 
trous. 


Clinical Presentation 


Most patients with patent urethral duplications are ei- 
ther asymptomatic or complain of a double urinary 
stream. Occasionally, presenting symptoms include in- 
continence, dysuria, and infection. The rare cases of 
double urethra associated with double bladder are usu- 
ally discovered during evaluation for the associate caudal 
anomalies. Children with the Y-type abnormalities and 
stenosis of the normally situated urethra may void only 
from the perineal or anal component. Associated upper 
urinary tract anomalies are uncommon with any type of 
urethral duplication. 


Diagnosis 


The evaluation of any patient referred with two meatal 
openings or with a double urinary stream must begin 
with a VCUG and a retrograde urethrogram (RUG). 
While an adequate evaluation can occasionally be ac- 
complished with either study alone, both studies are usu- 
ally required. According to Effman et al., the ventrally 
positioned urethral channel, regardless of the absolute 
position of its meatus, proves to be the more functional 
one and is more easily catheterized in virtually all cases50 
(Fig. 20.17). Fluoroscopy during voiding in the lateral 
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FIGURE 20.17. Lateral digital spot film from a voiding cys- 
tourethrogram demonstrates duplication of the urethra. The 
ventral urethra, which exits from the perineum, is the func- 
tional urethra and more easily catheterized. Notice the narrow 
but perceptible lumen of the dorsal urethra opacified with 
contrast (arrow). 


position allows for visualization of both urethral chan- 
nels. When interpreting the retrograde and voiding stud- 
ies, one can easily compare the caliber and configura- 
tion of the urethral channels. Widening of the pubic 
symphysis is seen in patients with a dorsal epispadiac ure- 
thra. Concomitant upper urinary tract anomalies occur 
infrequently. 


Management 


Because most of these anomalies are asymptomatic, 
many patients do not require surgical correction. Indica- 
tions for corrective surgery include cosmesis, double 
stream, recurrent infections, and incontinence. Blind- 
ending accessory urethra generally do not cause symp- 
toms and therefore do not require excision. If surgical 
intervention is deemed necessary, urethras that bifurcate 
distally and have closely adjacent meati may be joined by 
simply crushing and dividing the common septum. At- 
tempts at complete excision of continent, completely du- 
plicated systems is not recommended, as it places the 
sphincter at risk for injury. 


Urethral Polyps 


Polyps of the male urethra are rare. They are usually 
congenital and arise most commonly in the posterior 
urethra, although anterior urethral polyps have been de- 
scribed as well.53 The polyp comprises an abnormal pro- 
jection from the urethral wall and is nonneoplastic. Ob- 
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structive symptoms are common and are due to the 
ball-valve mechanism of these polyps. If symptomatic, 
surgical resection by a transurethral or an open proce- 
dure is curative. 


Embryology 


Most are thought to be congenital, although acquired le- 
sions in adults are well described. They are on a long 
stalk, and their stroma is usually loose and fibrous. They 
are often covered with transitional epithelium, and may 
in fact have areas of squamous metaplasia. Some have a 
small amount of smooth muscle in their internal struc- 
ture, and occasionally there may be remnants of glandu- 
lar tissue. 


Clinical Presentation 


Seen only in males, the most common age at presenta- 
tion is 5—9 years. Patient complaints range from diffi- 
culty with micturition to complete urinary retention. 
Hematuria, hesitancy, decreased urinary stream, fre- 
quency, day or night wetting, and dysuria are possible 
presenting symptoms. Bladder outlet obstruction with 
resultant hydroureter and hydronephrosis can also be 
seen. 


Diagnosis 


The diagnosis of a urethral polyp is confirmed with a 
VCUG or a retrograde urethrogram. Because the polyp 
is based on a long thin stalk, it can move within the ure- 
thra and appear in different locations during a VCUG 
(Fig. 20.18). They can also prolapse back into the blad- 
der and appear as a filling defect at the bladder base. 
The sonographic appearance of a prolapsed urethral 
polyp has been described, most commonly during evalu- 
ation of the upper urinary tract for the presence of ob- 
struction.54 Cystoscopically, one is able to identify the 
origin of the filling defect and confirm its etiology. The 
differential diagnosis includes inflammatory polypoid le- 
sions, nonopaque stones, foreign bodies, stumps of ec- 
topic ureters, diverticulae, and ectopic ureteroceles. Be- 
cause ectopic ureteroceles can closely mimic urethral 
polyps urographically, sonographic differentiation is pos- 
sible because the ureterocele is anechoic and the polyp 
is echogenic. 


Management 


Virtually all cases are amenable to transurethral resec- 
tion. Downs et al.55 over a 30-year period at the Mayo 
Clinic identified 12 children with urethral polyps, all 
managed endoscopically. With the development of pedi- 
atric cystoscopes and improvement in optics, the pri- 
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FIGURE 20.18. Coned-down lateral view from a VCUG demon- 
strates a round filling defect in the proximal bulbous urethra 
with a linear filling defect extending to the verumontanum 
consistent with a urethral polyp. If a retrograde urethrogram is 
performed, it is easy to see that the distal portion of the ure- 
thral polyp could prolapse into the bladder neck and cause in- 
termittent bladder outlet obstruction. 


mary surgical approach is transurethral. One should at- 
tempt to resect the polyp at its base and fulgurate it to 
ensure adequate hemostasis. If the polyp appears too 
large for endoscopic removal then an open cystostomy 
may have to be performed. A small urethral catheter 
may be left indwelling for 48-72 hours. 


“High” Anal Atresia with 
Anourethral Fistula 


Anomalies of the termination of the hindgut are termed 
anorectal malformations. Some communication of the 
hindgut with the perineum, genital tract, or urinary sys- 
tem is present in most cases. The incidence is approxi- 
mately one in 5000 live births, with males affected more 
commonly than females. Once the anatomic relation- 
ship of the caudal portion of the hindgut to the pelvic 
sling is documented, anorectal malformations can be 
classified as low or high. Although fistulous communica- 
tions of the hindgut specifically to the urinary tract are 
present in the “low” form, the incidence of these fistu- 
lous communications is higher in “high” anorectal mal- 
formations. 

In cases of imperforate anus above the levator sling 
(“high”), there is malposition of the distal rectum into 
the lower urinary tract, most commonly into the proxi- 
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FIGURE 20.19. Lateral digital fluoroscopic spot film from a 
voiding cystourethrogram demonstrates a fistulous communi- 
cation between the hindgut and the prostatic urethra (arrow). 
Occasionally, the fistulous communication is not demonstrated 
on a VCUG alone and an antegrade loopogram/urethrogram 
is necessary through the distal limb of the loop colostomy. 


mal urethra and rarely into the bladder. Embryologi- 
cally, there is abnormal midline fusion of the laterally 
positioned genital folds and swellings, covering over the 
anus which projects into a more anterior position. Recto- 
bulbar fistula is the more severe form of this midline fu- 
sion anomaly. Clinically, there is an imperforate anus 
with passage of meconium or stool from the urethra. 
When meconium mixes with urine, it may calcify, which 
may be detected sonographically or radiographically as 
calcifications within the lumen of the colon.56 

Identification of the fistulous communication is im- 
portant prior to the corrective pull-through procedure. 
Radiographic demonstration is performed as an ante- 
grade urethrogram through the distal limb of the divert- 
ing colostomy (Fig. 20.19). Pressure contrast enemas 
have been successful in delineating the course and site 
of insertion of even long or narrow fistulas.57 Additional 
radiological investigations include retrograde urethrog- 
raphy, voiding cystourethrography, and direct percuta- 
neous puncture of the rectal pouch with injection of 
contrast. With the incidence of associated urinary tract 
anomalies in the “low” and “high” anorectal malforma- 
tions of 25% and 40%, respectively, renal sonography 
should be performed as well. Postoperative development 
of a diverticulum of the prostatic urethra has been noted 
at the site of the stump of a congenital rectourethral fis- 
tula.58 Even rarer congenital “H-type” anourethral fistu- 
lae have been described.58 
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Epispadias 


In male epispadias, the urethral meatus is located any- 
where along the dorsum of the penis. Urinary conti- 
nence is usually present. It represents the mildest malfor- 
mation in the spectrum of the epispadias—bladder 
exstrophy complex, which is discussed in more detail in 
Chapter 3. Female epispadias is an extremely rare condi- 
tion characterized by a divided clitoris with a short ure- 
thra and an absent bladder neck.59 


Hypospadias 


Hypospadias is a common abnormality seen in approxi- 
mately 1 in 300 male births with about 6000 boys with hy- 
pospadias being born in the United States every year.60 
In hypospadias, the urethral meatus is not at the tip of 
the glans, but is located anywhere along the ventral as- 
pect of the penis or in the perineum. A chordee, or fi- 
brous band, causing downward curvature of the penis is 
frequently associated.61 In general, the more proximal 
the meatus, the more severe is the ventral curvature. For 
some patients, the meatus may be close to the tip of the 
glans and yet have a significant chordee. 

The most common congenital anomalies associated 
with hypospadias are undescended testicles and inguinal 
hernia.62 There has been controversy about the need to 
obtain routine intravenous urography and voiding cys- 
tourethrography in patients with hypospadias to exclude 
associated urinary tract anomalies.63.64 These are seen in 
the more severe forms of hypospadias and include dupli- 
cation, vesicoureteral reflux, anomalies of kidney posi- 
tion, and ureteropelvic junction obstruction. Devine et 
al. found an enlarged utricle in 57% of the patients with 
perineal hypospadias, in 10% of the patients with peno- 
scrotal hypospadias, and in none of the patients with pe- 
nile hypospadias for an overall incidence of 14%.65 
Other system anomalies possibly associated include im- 
perforate anus, myelomeningocoele, miullerian duct 
remnants, and intersex. Sonography and MRI are useful 
in demonstrating the presence or absence of the uterus, 
thus distinguishing the enlarged utricle from a vagina. 
The diagnosis of intersex must be ruled out in the more 
severe forms of hypospadias, especially with cryp- 
torchidism. However, the majority of patients with hy- 
pospadias should not be considered as having an inter- 
sex condition.62 Khuri and co-workers recommend that 
all patients with hypospadias of any degree who had asso- 
ciated anomalies of other systems should have the uri- 
nary tract screened, whereas screening was not indicated 
for those patients with hypospadias alone, with or with- 
out undescended testes or hernia.66 

Surgical repair has the objective of constructing a 
straight penis with a new urethral channel bringing the 
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FIGURE 20.20. Sonogram of the male fetus at the level of the 
genitalia demonstrates a “tulip-shaped” penis characteristic of 
moderate-severe hypospadias (arrows). The penis is shortened 
and broad. Lesser forms of hypospadias are usually missed. 
(Courtesy of Christine Comstock, MD.) 


meatus as close as possible to its normal position at the 
tip of the glans. A VCUG prior to surgery may require a 
suprapubic needle approach because of difficulty in 
catheterizing the urethra. On voiding, a downward curve 
of the urethra is noted. There is a ventral location of the 
meatus with dilatation of the urethra. If there is stenosis 
at the ectopic meatus, a dilated utricle (mullerian duct 
remnant) may also be apparent. A prenatal diagnosis of 
hypospadias has occasionally been possible (Fig. 20.20). 

There has been steady progress in the results of surgi- 
cal repair of this condition (hypospadiology). For fur- 
ther information, the interested reader is directed to the 
excellent review by Duckett.62 
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Acquired Nontraumatic Lesions 


of the Urethra 


Gerald W. Friedland, Matilde Nino-Murcaa, Harcharan S. Gill, and Inder Perkash 


This chapter commences with a discussion of the imag- 
ing of the male urethra and concludes with a similar dis- 
cussion of the female urethra. 


Normal Male Urethra 


When discussing the various appearances seen on imag- 
ing examinations of the male urethra, it is important to 
bear in mind the relevant anatomy and physiology of the 
male lower urinary tract.1.2 


Anatomy 
Bladder Neck 


One of the most vital points to remember about urethral 
anatomy is that the base of the bladder, from which the 
urethra arises, is flat. This flat area is called the baseplate 
of the bladder, and the internal urethral orifice is lo- 
cated in the anterior one-third of the baseplate. An up- 
right lateral view of the contrast-filled bladder shows this 
flat baseplate and reveals another vital fact: that the dor- 
sal segment of the baseplate, dorsal to the internal ure- 
thral orifice, lies at a much higher level than does the 
ventral segment, ventral to the internal urethral orifice, 
and that the ventral segment tends to bulge somewhat 
inferiorly (Fig. 21.1). What it means, in practice, is that 
on a Straight anterior or posterior view of the contrast- 
filled bladder the ventral portion of the baseplate ob- 
scures the bladder neck and upper portion of the ure- 
thra. On these views, the radiologist may miss important 
pathology involving the bladder neck or proximal ure- 
thra. For this reason the radiologist should always per- 
form a voiding cystourethrogram (VCUG) in a steep 
oblique or lateral position. Another technique for over- 
coming this problem involves the use of remote- 
controlled fluoroscopy, using a beam angled cephalad 
(Fig. 21.2A). Under fluoroscopic control, the radiologist 
can angle the beam so the bladder neck, initially ob- 
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FIGURE 21.1. Upright lateral view of the contrast-filled bladder 
showing the baseplate (arrowheads) and position of the inter- 
nal urethral orifice (arrow). (From Friedland et al.,3 with per- 
mission.) 


scured by the ventral segment of the baseplate (Fig. 
21.2B), comes into view (Fig. 21.2C). 

During voiding the baseplate of the bladder gradually 
becomes funnel-shaped, and toward the end of voiding 
it may become tubular, forming a channel called the 
trigonal canal. The radiologist can easily confuse the 
trigonal canal with the urethra on a VCUG. 


Posterior Urethra 


The posterior urethra consists of the prostatic urethra 
and the membranous urethra. As its name implies, the 
prostatic urethra is the portion of the urethra that tra- 
verses the prostate. It is not straight but angulates, ap- 
proximately at its midpoint, about 35 degrees anteriorly 
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FIGURE 21.2. Use of remote-controlled fluoroscopy to demon- 
strate the bladder neck on a voiding cystourethrogram 
(VCUG). (A) Male patient undergoing VCUG with the tube 
angled cephalad. (B) When the tube is vertical the baseplate of 
the bladder obscures the bladder neck. (C) When the tube is 
angled cephalad the bladder neck comes into view. (From 
Friedland et al.,3 with permission.) 


B 


(Figs. 21.3, 21.4); the proximal and distal prostatic ure- 
thrae are located proximal and distal to this point of an- 
gulation, respectively.45 

An ovoid mound, the verumontanum, protrudes into 
the lumen posteriorly, where the urethra makes its angu- 
lation, and extends for a variable distance from the point 
of angulation distally (Figs. 21.3, 21.4, 21.5). In about 
90% of males, the distance is less than one-third the 
length of the distal prostatic urethra; in the remaining 
10% it is a little longer. This means that the distal end of 
the verumontanum does not correspond to the distal 
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end of the prostatic urethra, as is frequently misstated in 
the literature. 

Another ridge of tissue, the crista urethralis, extends 
from the tip of the verumontanum to the apex of the 
prostate. Sometimes two small mucosal folds extend later- 
ally from the distal end of the verumontanum, where they 
may simulate posterior urethral valves on a VCUG. Mc- 
Neal, a pathologist working in the urology department at 
Stanford, has demonstrated this anatomy beautifully in 
specimens (Fig. 21.4), models (Fig. 21.3), and radiographs 
(Fig. 21.5) of specimens distended with contrast material. 
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FIGURE 21.3. Model of the prostate and prostatic urethra. The 
prostratic urethra angulates at its midpoint about 35 degrees 
anteriorly. P = peripheral zone; C = central zone; T = transition 
zone; U = urethra; V = verumontanum. (From McNeal,‘ with 
permission.) 


A diverticulum approximately 4 mm in length, the 
prostatic utricle, opens on the summit of the verumon- 
tanum. On either side of this opening lie the orifices of 
the ejaculatory ducts. The membranous urethra is that 
portion of the urethra that traverses the urogenital di- 
aphragm. 


Antenor Urethra 


The anterior urethra consists of the bulbous urethra and 
the penile (pendulous) urethra. The corpus spongiosum 
surrounds the anterior urethra except for a proximal few 
centimeters—the pars nudae.6 

The bulbous urethra, the widest portion of the ante- 
rior urethra, extends from the urogenital diaphragm to 
the penoscrotal junction, the point where the suspen- 
sory ligament suspends the penis. The proximal portion 
of the bulbous urethra turns forward almost at a right 
angle, but at the penoscrotal junction the urethra bends 
backward again. | 

The penile (pendulous) urethra traverses the penis. At 
its distal end, the urethral lumen dilates again, forming 
what is known as the fossa navicularis. In about 30% of 
normal males, a saccular or tubular diverticulum, the la- 
cuna magna, arises from the roof of the distal end of the 
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FIGURE 21.4. Autopsy specimen of prostate, bivalved in the mid- 
sagittal plane. The proximal prostatic urethra (open arrows) 
angles forward relative to the distal half of the prostatic urethra 
(closed arrows). Arrowheads point to the verumontanum. 
(From Perkash and Friedland,5 with permission.) 


fossa navicularis.” Sometimes a valve guards the orifice 
of the lacuna magna (Fig. 21.6). 


Muscles Surrounding the Male Urethra 


Smooth and striated muscles surround the male urethra 
(Fig. 21.7). The smooth muscle is a continuation distally 
of the smooth muscle that surrounds the bladder. It is 
thickest at the bladder neck and in the portion of the 
urethra surrounded by the transition zone (where it is 
called the preprostatic sphincter); it thins progressively 
as it passes inferiorly, finally disappearing in the region 
of the urogenital diaphragm. 

Three groups of striated muscles surround the male 
urethra: the periurethral striated sphincter, the sphinc- 
ter urethrae portion of the urogenital diaphragm, and 
the bulbospongiosus muscle. In approximately 70% of 
subjects the periurethral striated sphincter surrounds 
the distal half of the prostatic urethra. It is thickest ante- 
riorly and laterally and is often deficient posteriorly. In 
about 25% of subjects it extends superiorly toward the 
bladder neck, and in approximately 5% of subjects it is 
much shorter.8 The sphincter urethrae portion of the 
urogenital diaphragm surrounds the urethra where it 
passes through this diaphragm, and the bulbospongiosus 
muscle surrounds the bulbous portion of the urethra. By 
contracting and relaxing, these various groups of mus- 
cles control the flow of urine through the urethra and 
act as sphincters. 


Neural Control of the Urethra 


Neural control of the urethra involves a central compo- 
nent and a peripheral component. Figure 21.8 depicts a 
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FIGURE 21.5. Radiographs of the urethra shown in Figure 21.4, filled with contrast material. (A) Urethra slightly distended. 
(B) Urethra fully distended. Arrows as in Figure 21.4. (From Perkash and Friedland,’ with permission.) 


simplified version of the central control of voiding. Basi- 
cally, three centers (frontal-cortical, pontine, and sacral) 
control voiding through afferent and efferent pathways 
that run between them and the urethral sphincters. 
Three peripheral nerves supply the urethra: the 
parasympathetic nerves, the sympathetic nerves, and the 
pudendal nerves. Most of the fibers of the parasympa- 
thetic nerves arise from the anterior column of S3 (Fig. 
21.9), although a few fibers also arise from the anterior 
column of S2 and S4. The endings of the parasympa- 
thetic nerves produce acetylcholine, which contracts the 
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FIGURE 21.6. Common configurations of the lacuna magna. 


(From Duszlak et al.,7 with permission.) 


detrusor during voiding. The sympathetic nerve supply 
arises from the anterior column of T11-L2. The nerve 
endings produce norepinephrine during bladder filling. 
Because the detrusor contains B-adrenergic receptors, it 
relaxes, allowing the bladder to fill; the bladder neck, on 
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FIGURE 21.7. Muscles surrounding the male urethra. 
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FIGURE 21.8. Central control of voiding (simplified). (From 
Friedland et al.,! with permission.) 


the other hand, which contains a-adrenergic receptors, 
contracts (Fig. 21.10). In summary, the fundus of the 
bladder contains B-adrenergic receptors and receives a 
cholinergic nerve supply; the bladder neck, on the other 
hand, contains a large number of a-adrenergic receptors 
(Fig. 21.11), although it also contains a small number of 
B-adrenergic receptors and receives some cholinergic 
nerve supply as well. The smooth muscle of the prostatic 
urethra contains a small number of a- and B-adrenergic 
receptors and receives a cholinergic nerve supply. This 
arrangement allows perfect synergy between the detru- 
sor, bladder neck, and smooth muscle of the urethra at 
rest and during voiding. 

Most of the fibers of the pudendal nerve arise from 
the anterior column of S2 (Fig. 21.12), although a few 
fibers also arise from the anterior columns of S3 and S4. 
This nerve supplies the striated muscle in the peri- 
urethral striated sphincter and urogenital diaphragm.8 
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FIGURE 21.10. Sympathetic nerve supply to the bladder and 
male urethra. (From Friedland et al.,! with permission.) 


Examination of the Male Urethra 


Methods commonly used to examine the male urethra 
include urethroscopy, urodynamic studies, VCUG, retro- 
grade urethrography, and ultrasonography. Plain film ra- 
diography should always precede the VCUG or retro- 
grade urethrogram to look for opaque calculi and 
foreign bodies. Less frequently used methods include 
the voiding film at the end of an intravenous urogram, a 
static cystogram, computed tomography (CT), and mag- 
netic resonance imaging (MRI). 


Urodynamic Studies 


The three most important recordings made during uro- 
dynamic studies are the intravesical pressure, urethral 
pressure profile, and electromyogram of the peri- 
urethral striated sphincter (Fig. 21.13). Because the 
bladder is compliant, bladder pressure remains almost 
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FIGURE 21.9. Parasympathetic nerve supply to 
bladder and the male urethra. (From Friedland 
et al.,! with permission.) 
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constant during filling, varying between 10 and 20 cm 
H,O. Simultaneously, there is continuous electrical activ- 
ity in the periurethral striated sphincter which on the 
electromyogram ranges between 10 and 50 pV. As void- 
ing commences, the periurethral striated sphincter re- 
laxes, and the electromyogram reveals no electrical activ- 
ity. Immediately thereafter, the detrusor contracts and 
the bladder neck opens. During detrusor contraction, 
the bladder pressure rises precipitously, usually to less 
than 50 cm H,O in an adult and less than 40 cm HO in 
a child; it then plateaus at this pressure for approxi- 
mately 30 seconds, after which the pressure precipitously 
drops. As the pressure drops, the electrical activity in the 
periurethral striated sphincter returns. 


Voiding Cystourethrography 


Most radiologists perform voiding cystourethrography 
under fluoroscopic control and record the relevant data 
on film. Use of digital luminescent radiography instead 
of filming, however, reduces the radiation dosage that 
the patient receives during filming by 90%.9 

The following sequence is seen in a normal male dur- 
ing VCUG: As voiding commences, the flat baseplate of 
the bladder gradually becomes funnel-shaped, forming 
the trigonal canal. Immediately distal to the trigonal 
canal, ring-like narrowing may exist, representing the 
bladder neck (urethrovesical junction). A relatively in- 
distensible area is usually present where the upper mar- 
gin of the periurethral striated sphincter fuses with the 
smooth muscle. When this upper margin lies in the re- 
gion of the urethral angle, which it does in approxi- 
mately 70% of normal individuals, it produces a sharp in- 
dentation into the urethral lumen, visible anteriorly in 
oblique or lateral views (Fig. 21.14). It is not visible pos- 


FIGURE 21.14. Normal male urethra demonstrated by voiding 
cystourethrography. Closed arrow = verumontanum; open ar- 
row = intermuscular incisura; arrowhead = region of membra- 
nous urethra. 
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teriorly, where the surrounding striated muscle is usually 
deficient. Posteriorly, the verumontanum creates a fill- 
ing defect in the lumen. Further distally, the levator ani 
muscle may produce a broader, posterior filling defect. 
Another area of relatively narrowing occurs in the region 
of the membranous urethra, where the urethra passes 
through the urogenital diaphragm. This anatomy be- 
comes more conspicuous in patients with detrusor- 
sphincter dyssynergia, a condition in which the peri- 
urethral striated sphincter fails to relax completely, so it 
narrows the lumen of the distal half of the prostatic ure- 
thra and makes the intermuscular incisura and veru- 
montanum appear more prominent (Fig. 21.15). Some- 
times a normal transverse mucosal fold (Fig. 21.16) 
creates a thin transverse lucency immediately below the 
verumontanum that is nonobstructive. Normal mucosal 
folds may also extend superiorly from the verumon- 
tanum to the bladder neck, creating vertical lucencies 
on a VCUG. Occasionally the normal prostatic utricle 
fills with contrast material (Fig. 21.17). 

On rare occasions the bulbospongiosus muscle con- 
tracts independently of the periurethral striated sphinc- 
ter,6 narrowing the proximal portion of the bulbous ure- 
thra, the pars nuda urethrae (Fig. 21.18A). It occurs 
especially in nervous patients, particularly children, and 
is usually a transient phenomenon (Fig. 21.18B). It 
should not be confused with the appearance due to the 
edge of a urinal pressing against the urethra (the urinal 
defect), which is always seen more distally at the peno- 
scrotal junction. 


FIGURE 21.15. Voiding cystourethrogram performed in a man 
with detrusor—sphincter dyssynergia, which makes the anatomy 
more conspicuous because the periurethral striated sphincter 
narrows the distal half of the prostatic urethra. Same arrows as 
in Figure 21.14. 
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FIGURE 21.16. Normal mucosal folds in the prostatic urethra. 
(From Friedland et al.,3 with permission.) 


FIGURE 21.17. Normal prostatic utricle (arrow). 
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FIGURE 21.18. (A) Contraction of the bulbospongiosus muscle narrows the pars nuda urethrae. (B) The pars nuda urethrae opens 
when the bulbospongiosus muscle relaxes. 
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A droplet of radiopaque contrast material on the skin 
may simulate a lacuna magna radiographically (Fig. 
21.19A), but the lacuna magna itself rarely fills with con- 
trast material (Fig. 21.19B&C). 


Retrograde Urethrography 


The radiologist can perform retrograde urethrography 
via a Foley catheter (held in place by inflating its balloon 
in the fossa navicularis) or a Brodny clamp. The latter is 
preferable if extremely distal strictures are suspected. In 
either case, the radiologist excludes air bubbles from the 
system and introduces the contrast material by means of 
drip infusion or a hand injection. The patient can hand- 
inject the contrast material himself (autourethrogra- 
phy), a safer and more comfortable procedure than 
hand injection by the radiologist.19 Drip infusion or au- 
tourethrography is preferable, especially when a novice 
performs the examination. In either case, superior re- 


sults are usually achieved when the examination is per- 


formed under fluoroscopic control—dynamic_ retro- 
grade urethrography.!! Some radiologists maintain that 
fluoroscopy does not improve the sensitivity or speci- 
ficity of retrograde urethrography,!2 but that has not 
been our experience (Fig. 21.20). A film obtained after 
nearly all the contrast material has been drained from 
the urethra occasionally reveals pathology not seen on 
full distention (Fig. 21.21). 
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The main purpose of the retrograde urethrogram is to 
demonstrate the anterior urethra, especially its proximal 
end where it unites with the membranous urethra. 
Sometimes the junction of the bulbous and membra- 
nous urethra opens and distends well (Fig. 21.22), but 
more commonly it narrows to a pencil-like tip (Fig. 
21.23). This appearance helps differentiate normal 
anatomy from stricture, where the junction may have a 
rounded configuration. 


Ultrasonography of the Male Urethra 


Different methods are required to examine the anatomi- 
cally different portions of the male urethra sonographi- 
cally. The posterior urethra and proximal bulbous ure- 
thra are best examined using transrectal sonography 
employing a 7.5 MHz linear array transducer inserted 
rectally with the window facing anteriorly (Fig. 
21.24)13,14 This technique offers several advantages over 
the VCUG, especially when used in young men who re- 
quire frequent reexamination. Because no radiation is 
involved, it eliminates the fear of genetic damage in the 
offspring of young men who may wish to father children. 
In addition, there is no need to introduce contrast mate- 
rial into the bladder, the examiner can obtain a true lat- 
eral view of the bladder neck, and overlapping bones 
and soft tissues are eliminated. Finally, this technique al- 
lows the radiologist to examine the prostate. 


FIGURE 21.19. A drop of contrast material on the skin (A) simu- 
lates the lacuna magna (B). The lacuna magna is sometimes 
tubular in shape (C). (From Druszlak et al.,7 with permission.) 
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FIGURE 21.20. Value of fluoroscopy during a retrograde ure- 
throgram. (A) Contrast material escapes into a cavity of un- 
known etiology. (B) After repositioning the patient under fluo- 


Technical improvements in transrectal sonographic 
cystourethrography include three-dimensional recon- 
struction of the image. This technique allows the sonog- 
rapher to rotate the three-dimensional image of the ure- 
thra on the screen and to view it from any angle. It also 
allows the sonographer to slice the image at any plane to 
reveal the sectional view.15 

Although most patients tolerate the procedure well, 
in Our experience many radiologists and radiology resi- 
dents dislike inserting a transrectal probe. An alterna- 
tive method that overcomes this obstacle is transper- 


A 


FIGURE 21.21. Value of the postdrainage film on a retrograde 
urethrogram done without fluoroscopy. Patient with an impass- 
able, impermeable urethral stricture. Simultaneous injection of 
contrast material via a catheter passed through a perineal ure- 
throstomy proximal to the stricture and retrograde proximal to 
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roscopic control it becomes evident that the lesion is a divertic- 
ulum with a narrow neck (From Friedland et al.,3 with permis- 
sion.) 


ineal sonography of the posterior urethra. The out- 
come of transperineal sonography is considerably en- 
hanced if the patient sits on a chair, specifically de- 
vised for this procedure, during the sonographic 
study. 16 

The sonographer cannot examine the anterior ure- 
thra with transrectal or transperineal sonography. For 
this reason, dynamic retrograde sonographic urethrogra- 
phy was introduced (Fig. 21.25). Saline is introduced 
into the urethra employing techniques similar to those 
used during radiographic retrograde urethrography, 


the stricture and retrograde urethrogram. (A) On full disten- 
tion of the urethra a “double density” sign is visible but could 
easily be missed. (B) Postdrainage film reveals a urethral diver- 
ticulum. 
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FIGURE 21.22. Normal retrograde urethrogram in which the 
membranous urethra distends well. (From Friedland et al.,3 
with permission.) 


and the anterior urethra is examined using a 7.5 MHz 
linear array transducer.!7 


Magnetic Resonance Imaging of the Male Urethra 


Although radiologists can demonstrate a wide variety of 
lesions involving the male urethra with MRI (Fig. 21.26), 
the cost of the examination limits its use for this pur- 
pose. The cine-magnetic resonance VCUG, however, is a 
good noninvasive test to study the dynamics of the lower 
urinary tract without disturbing the state of the physiol- 


ogy. 18 


Abnormal Male Urethra 


Abnormalities of the Bladder Neck 


Abnormalities of the bladder neck include narrowing, 
widening, and absence of the neck itself. The normal 
bladder neck is 6 mm in diameter or wider. A measured 
diameter of 4-6 mm is regarded as indeterminate. If the 
measured diameter of the bladder neck is less than 4 
mm, the bladder neck is definitely narrow. 


Narrow Bladder Neck 


A narrow bladder neck may have four appearances on 
an imaging examination: circumferential narrowing, a 
rounded posterior protrusion, a ledge-like posterior pro- 
trusion, and pseudonarrowing. A common cause of cir- 
cumferential narrowing of the bladder neck is a stricture 
following prostatectomy; or it may be due to a long-term 
indwelling catheter, detrusor-bladder neck dyssynergia, 
or the cauda equina syndrome. A rare cause is a-adrener- 
gic overactivity in persons without a neurologic lesion. 
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FIGURE 21.23. Normal retrograde urethrogram in which the 
membranous urethra remains narrow. Same patient as in Fig- 
ure 21.25. (Courtesy of Dr. Brooke Jeffrey Jr.) 


Detrusor-bladder neck dyssynergia is due to a lesion 
of the spinal cord above T5 (Fig. 21.27). When the de- 
trusor contracts during voiding in these patients, the 
bladder neck and periurethral striated sphincter do not 
relax. Combined urodynamic studies and diagnostic 
imaging reveal that the bladder pressure is elevated, the 
detrusor is hypertrophied, and the bladder neck does 
not open or opens only slightly. Depending on the de- 
gree of narrowing, the patient may be unable to void or 
may merely dribble. 

After the patient has received an a-adrenergic blocker 
or has undergone sphincterotomy, the bladder neck 
opens, the periurethral striated sphincter relaxes with 
suprapubic tapping, and the patient voids. 

The reason suprapubic tapping is required is that 
these patients have both detrusor-bladder neck and 
detrusor-sphincter dyssynergia. Suprapubic tapping is 
performed by tapping the lower abdomen in the imme- 
diately suprapubic area with the ulnar side of the hand, 
gently, about 20 times. With each tap, the periurethral 
striated sphincter contracts; because the sphincter is 
composed of striated muscle, and striated muscle, unlike 
smooth muscle, tires with repeated contractions, the ex- 
hausted muscle eventually relaxes and the patient voids. 
This procedure is far more effective than the Credé ma- 
neuver, which involves pressing the bladder firmly in the 
suprapubic area to expel the urine, because such firm 
pressure merely kinks the urethra further at the urethral 
angle and occludes it. 

On a VCUG the contracted bladder neck may fail to 
open, or the bladder neck may open but appear circum- 
ferentially narrowed (Fig. 21.28). Because detrusor- 
sphincter dyssynergia is also present, the distal half of 
the prostatic urethra also appears narrow, and the veru- 
montanum is prominent (Fig. 21.28). 
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FIGURE 21.24. Normal transrectal sonographic voiding cystourethrogram. (From Perkash and Friedland,!4 with permission.) 


The real danger of detrusor—bladder neck dyssynergia 
is that the radiologist can precipitate an attack of auto- 
nomic dysreflexia by obtaining a VCUG in a patient with 
complete transverse myelitis at the T8 spinal level or 
higher (Fig. 21.29). As discussed in the section on 
anatomy, a large number of a-adrenergic receptors are 


present in the bladder neck. When the examiner tries 
various maneuvers to get the patient to void, the intraves- 
ical pressure rises excessively, and the closed bladder 
neck is stretched slightly open. This stimulates the a- 
adrenergic receptors at the bladder neck, which excrete 
an excessively large amount of norepinephrine. High 
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FIGURE 21.25. Normal dynamic retrograde sonographic ure- 


throgram. Same patient as in Figure 21.23. (Courtesy of Dr. 
Brooke Jeffrey Jr.) 


levels of circulating norepinephrine, in turn, cause pe- 
ripheral arteriolar constriction and sweating. Thus if the 
patient starts to sweat, the radiologist should immedi- 
ately suspect that autonomic dysreflexia is developing. 

Peripheral arteriolar constriction causes the blood 
pressure to rise. Normally, the portal vessels dilate, pre- 
venting a rapid rise in blood pressure; but in patients 
with a lesion above the greater splanchnic nerve there is 
no reflex portal vasodilatation, and the blood pressure 
rises. The elevated blood pressure stimulates the barore- 
ceptors in the carotid sinus and aortic arch, resulting in 
slowing of the heart rate. This bradycardia, however, is 
insufficient to lower blood pressure. The patient now 
complains of headache, another important sign of auto- 
nomic dysreflexia. 

It is vital that the radiologist realizes that quadriplegic 
patients do not have a systolic blood pressure above 
100 mmHg. In fact, it is common for the systolic blood 
pressure to be as low as 90 mmHg; the diastolic blood 
pressure is usually proportionately lower as well. When 
the systolic blood pressure rises above 120 mmHg in 
such patients, there is a real danger of cerebral hemor- 
rhage and of severe bleeding during interventional pro- 
cedures such as percutaneous nephrostomy. For these 


FIGURE 21.26. (A) Magnetic resonance image of the male ure- 
thra showing metastatic transitional cell carcinoma. (B) Retro- 
grade urethrogram performed on the same patient. Compare 
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reasons, the radiologist should ensure that the patient 
with autonomic dysreflexia is on some form of a-blocker 
before performing any procedure. Our clinicians, well 
aware of this problem, routinely premedicate all patients 
scheduled to undergo a radiologic procedure that could 
precipitate an episode of autonomic dysreflexia. 

Sometimes patients with detrusor—bladder neck dys- 
synergia have had an indwelling Foley catheter for a long 
time and could also have a bladder neck stricture. The 
simplest way to differentiate dyssynergia from stricture is 
to perform transrectal sonography and observe the 
closed bladder neck. After administering 5-10 mg of 
phentolamine intravenously, the bladder neck opens in 
a patient with detrusor—bladder neck dyssynergia within 
5 minutes, whereas in a patient with stricture the bladder 
neck does not widen (Fig. 21.30). Following this test, 
transrectal sonography can also be used to determine if 
the patient is receiving a sufficiently high dosage of a- 
adrenergic blocker. If on follow-up transrectal sonogra- 
phy, the bladder neck appears only partially open, the 
clinician should increase the dosage of the a-adrenergic 
blocker. 

The emergency kit in any radiology department 
should include phentolamine and nifedipine. The treat- 
ment of autonomic dysreflexia involves, first and fore- 
most, immediate cessation of the procedure; and if a 
VCUG is being done, the radiologist should immediately 
drain the bladder. Thereafter either 10 mg of phen- 
tolamine is given intravenously or a 30 mg capsule of 
nifedipine sublingually. 

A lesion of the cauda equina or conus may also cause 
circumferential narrowing of the bladder neck (cauda 
equina syndrome) because the sympathetic nerves are 
unopposed (Fig. 21.31). These patients have an areflexic 
bladder, but their bladder neck fails to open when the 
bladder pressure is increased by the Credé maneuver. As 
with detrussor-bladder neck dyssynergia, the bladder 
neck opens within 5 minutes after administration of in- 
travenous phentolamine. 


with the MRI scan. Arrows point to the lesion. Air bubbles are 
also present on the retrograde study. 
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FIGURE 21.28. Voiding cystourethrogram performed on a pa- 
tient with detrusor—bladder neck and detrusor-sphincter 
dyssynergia. Arrows point to the narrow bladder neck. 


(1) BLADDER NECK OPEN 
(2) SPHINCTER OPENS WITH SUPRAPUBIC TAPPING 
(3) VOIDS 


Only one lesion, periurethral gland hyperplasia, 
causes a rounded posterior protrusion of the bladder 
neck. This focal hyperplasia, formerly called median 
lobe hyperplasia, is best demonstrated on a sonographic 
VCUG (Fig. 21.32A), although a radiographic VCUG 
(Fig. 21.32B) shows it as well. 

In normal men a ledge of tissue 0.5 cm in length or 
shorter, composed of mucosa and submucosa, projects 
forward from the posterior wall of the bladder neck. 
Pathologic ledges are longer than 0.5 cm and, as we 
show here, develop if the underlying smooth muscle un- 
dergoes atrophy, hypertrophy, and fibrosis.5 

A rare cause of the pathologic ledge is congenital fi- 
broelastosis (Marion’s disease). Most pathologic ledges 
are acquired and occur in spinal cord-injured patients 
who have chronic detrusor-sphincter dyssynergia or who 
have undergone chronic intermittent catheterization 
(Fig. 21.33). Transrectal sonography has demonstrated 
that when a catheter is passed up the urethra it is de- 
flected anteriorly at the angle of McNeal and then pro- 
gresses posteriorly up the proximal part of the prostatic 
urethra. When it reaches the normal ledge, which is also 
located posteriorly, the catheter strikes it as it passes 
from the prostatic urethra into the bladder. If the pa- 
tient is undergoing chronic intermittent catheterization, 


366 


Gerald W. Friedland, Matilde Nino-Murcia, Harcharan S. Gill, and Inder Perkash 


AUTONOMIC DYSREFLEXIA 
(LESION ABOVE T5) 


DETRUSOR CONTRACTS 


DETRUSOR-BLADDER NECK 
DYSSYNERGIA 


—> BLADDER NECK STRETCHED 
—> EXCESS NORADRENALIN 


LESION ABOVE GREATER 
SPLANCHNIC NERVE 


——> NO PORTAL 
VASODILATION 


BLOOD PRESSURE RISES 


AS 


— HEADACHE 


PERIPHERAL 
ARTERIOLAR 
~v 


) SWEATING 


A 


BARO-RECEPTORS 

IN CAROTID SINUS 
AND AORTIC ARCH 
STIMULATED 


BRADYCARDIA 
—> INSUFFICIENT 
TO LOWER BLOOD 
PRESSURE 


DANGER OF 
CEREBRAL HEMORRHAGE 


Wee SEVERE BLEEDING WITH 
PERCUTANEOUS NEPHROSTOMY 


FIGURE 21.29. Autonomic dysreflexia. (From Friedland et al.,! with permission.) 


the catheter strikes this ledge repeatedly, causing muscle 
atrophy and fibrosis, which enlarges the ledge. If the pa- 
tient has detrusor-sphincter dyssynergia, the distal ob- 
struction causes hypertrophy of the smooth muscle lo- 
cated in the wall of the proximal one-half of the prostatic 
urethra, which in turn enlarges the ledge. Often the two 
factors coexist. 

The presence of a long ledge results in a high pressure 
gradient between the bladder and bladder neck. It is of- 
ten difficult to catheterize such patients, and if the physi- 
cian attempts to force the catheter into the bladder se- 
vere bleeding may occur. 

The treatment of such ledges is Perkash laser sphinc- 
terotomy, performed through the bladder neck and ure- 
thra at the 2 o'clock and 10 o’clock positions. In almost 
100% of such patients the posterior ledge drops back- 
ward, and the bladder neck widens (Fig. 21.34). 

Pseudonarrowing occurs when the urethra bulges pos- 
teriorly underneath a thickened baseplate of the blad- 
der. This situation appears most commonly in patients 
with posterior urethral valves (see Chapter 20). 


Widening of the Bladder Neck 


Widening of the bladder neck is most commonly seen 
following transurethral resection of the prostate (TURP), 
after sphincterotomy, after a VY-plasty, and proximal to 
more distal obstructive urethral lesions, such as stric- 
tures, detrusor—sphincter dyssynergia, and posterior ure- 
thral valves. Nonobstructive posterior urethral widening 
is also seen in boys with bladder instability20 or prune- 
belly syndrome. 


Absence of the Bladder Neck 


The bladder neck is absent in patients who have under- 
gone radical prostatectomy for carcinoma of the 
prostate. Following this procedure the base of the blad- 
der appears funnel-shaped instead of flat on a VCUG or 
retrograde urethrogram. It also extends more inferiorly 
than usual, to the level of its anastomosis with the mem- 
branous urethra (Fig. 21.35). 

Major long-term complications of total prostatectomy 
include a stricture at the site of the anastomosis in 
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FIGURE 21.30. Phentolamine test is used to distinguish 
detrusor-bladder neck dyssynergia from stricture and to moni- 
tor the dosage of a-adrenergic blockers. Top frame, before 
phentolamine; middle frame, after phentolamine, showing 
that the bladder neck opens and proving that the patient does 
not have a stricture; bottom frame, after treatment with a- 
adrenergic blockers. The bladder neck is only partially open, 
indicating that the dose is too low (From Shapeero et al.,13 with 
permission.) 


5-30% of patients?! and urinary incontinence in 
5-15%. Most incontinent patients have stress inconti- 
nence; total incontinence occurs in fewer than 5%. 

Urologists have modified their surgical techniques in 
various ways in order to reduce the incontinence rates. 
These modifications include sparing the anterior part of 
the distal periurethral striated sphincter during surgical 
anastomosis, nerve sparing, the use of traction sutures 
(Vest procedure),2! and constructing a funnel-shaped 
bladder neck from the bladder base. Postoperative stric- 
tures occur in about 30% of patients who have under- 
gone the Vest procedure—double the prevalence seen 
with any other procedure.?! 

Postoperative VCUGs have demonstrated that contrast 
material (and therefore urine) commonly leaks from the 
vesicourethral anastomotic site.2!] So long as the urolo- 
gist leaves a Foley catheter in place until the anastomosis 
heals, these leaks do not lead to an increased prevalence 
of strictures, which if they do occur are easily recognized 
on a VCUG.21 Postoperative transrectal sonograms al- 
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FIGURE 21.31. Cauda equina syndrome. (From Friedland et 
al.,! with permission.) 


ways demonstrate the vesicourethral anastomosis. If the 
anastomosis appears smoothly tapered the patient is usu- 
ally continent, but if it looks distorted or blunted the pa- 
tient is usually incontinent.22,23 

The appearances seen on postoperative transrectal 
sonograms are identical in patients with or without re- 
current cancer. A hypoechoic mass always surrounds the 
vesicourethral anastomosis (Fig. 21.36), and in about 
80% of patients a hypoechoic soft tissue mass indents the 
anterior wall of the bladder. The main purpose of trans- 
rectal sonography in these patients therefore is to guide 
the biopsy needle into the hypoechoic tissue surround- 
ing the vesicourethral anastomosis.*4 

Postprostatectomy incontinence is a difficult condi- 
tion to correct. Once the urologist has demonstrated 
that bladder function is normal, the treatment options 
include an artificial urinary sphincter, periurethral in- 
jection of collagen or fat, and more recently the modi- 
fied Stamey procedure. Stamey places Dacron bolsters 
suspended from the anterior rectus fascia over the bul- 


368 


. BLADDER 


FOCAL BENIGN 
PROSTATIC HYPERPLASIA 


PROMINENT 
VERUMONTANUM 


CONTRACTED 
SPHINCTER 


Gerald W. Friedland, Matilde Nino-Murcia, Harcharan S. Gill, and Inder Perkash 


B 


FIGURE 21.32. Comparison of transrectal sonography (A) and voiding cystourethrography (B) for demonstrating the rounded pos- 
terior protrusion of the bladder neck caused by periurethral gland hyperplasia. 


bous urethra. The early results of the Stamey procedure 
are as good as those with an artificial sphincter without 
the use of pumps. 


Abnormalities of the Posterior Urethra 
Narrowing of the Prostatic Urethra 


The most common causes for narrowing of the prostatic 
urethra are benign prostatic hyperplasia, benign stric- 
ture, and detrusor-sphincter dyssynergia. Uncommon 
causes are transitional cell carcinoma, psychological 
problems, mullerian duct cysts, and congenital posterior 
bladder diverticulum. 

Benign prostatic hyperplasia, a disease of aging men, is 
the most common cause of abnormal voiding in men 
over age 40. Because it usually develops in the transition 
zone, it often gives rise to an endoscopic appearance 
known as “bilobar enlargement.” Less commonly, how- 
ever, it arises from the periurethral glands, when it is 
known as periurethral gland hyperplasia (formerly 
called median lobe hyperplasia). Endoscopists call en- 
largement of both the transition zone and the peri- 
urethral glands “trilobar enlargement.” 

Clinicians diagnose benign prostatic hyperplasia by 
performing a digital rectal examination. If this examina- 


tion reveals that the prostate is enlarged, the urologist or 
radiologist usually performs transrectal sonography to 
determine the exact size of the prostate, to look for signs 
of cancer, and most importantly to direct the biopsy nee- 
dle into any lesion that may be cancerous. Patients who 
have a mixed clinical picture or a history of various neu- 
rologic diseases—and only these patients—should un- 
dergo a urodynamic study recorded on video including a 
sonographic or radiologic VCUG with simultaneous 
monitoring of bladder, intraabdominal, and urethral 
pressures. 

Two factors give rise to symptoms in patients with be- 
nign prostate hyperplasia: the enlargement itself (static 
component) and an increase in the tone of the smooth 
muscles in the prostate, prostatic capsule, and bladder 
neck (dynamic component). Medical management of 
benign prostatic hyperplasia can be directed at either 
component. 

Finasteride (Proscar), a 5a-reductase inhibitor used to 
treat the static component, blocks the conversion of 
testosterone to dihydrotestosterone, thereby reducing 
the size of the prostate by as much as 30%.25 Although fi- 
nasteride shrinks the prostate in all patients, only about 
50% of treated patients notice any alleviation of their 
symptoms or improved urinary flow rates. Fortunately 
5a-reductase inhibitors produce only minimal side ef- 
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FIGURE 21.33. Etiology of the enlarged posterior ae 
ledge at the bladder neck. (From Friedland and ee 
Perkash,19 with permission.) 
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FIGURE 21.34. Posterior ledge of the bladder neck 
before (top) and after (bottom) sphincterotomy. 
(From Perkash and Friedland,5 with permission.) 
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FIGURE 21.35. Absence of the bladder neck after radical prosta- 
tectomy. Note the osteoblastic bone metastases. (From Fried- 
land et al.,3 with permission.) 


fects; fewer than 5% of patients complain of loss of li- 
bido, impotence, or a reduction in the volume of their 
ejaculate. Even though the prevalence of impotence in 
treated patients is small, it is unexpected because finas- 
teride does not alter the serum testosterone levels. 
Clinicians treat the dynamic component of benign 
prostatic hyperplasia with a-adrenergic blockers, which 
decrease the tone in the smooth muscles of the prostate, 


FIGURE 21.36. Transrectal ultrasound scan showing a hypo- 
echoic mass surrounding the vesicourethral anastomosis (ar- 
rows). 
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prostatic capsule, and bladder neck.?6 Because nonselec- 
tive a-blockers have major side effects, clinicians now use 
either short-acting a -blockers (prazosin, alfuzosin) or 
selective long-acting a-blockers (terazosin, doxepin, tam- 
sulosin). Unfortunately, all these agents cause varying 
degrees of orthostatic hypotension. Studies are under 
way to develop selective a,,-blockers that reduce smooth 
muscle tone in the prostate, prostatic capsule, and blad- 
der neck but do not cause orthostatic hypotension. 

Two categories of surgical treatment exist: minimally 
invasive and invasive. Although TURP is the standard 
surgical treatment for benign prostatic hyperplasia, it is 
far from ideal, which is why urologists have become in- 
terested in developing alternative techniques. 

The first minimally invasive form of surgical treatment 
urologists and radiologists investigated was transurethral 
balloon dilatation of the prostate. Extensive trials re- 
vealed that the results of balloon dilatation were poor 
and nonsustained, so most urologists and radiologists 
have stopped using this form of treatment. 

Another form of minimally invasive surgical treatment 
involves the use of self-retaining metal stents inserted 
into the urethra between the bladder neck and the veru- 
montanum that maintain the patency of the urethral lu- 
men (Fig. 21.37). Two stents have undergone large multi- 
center clinical trials in the United States: the “Urolume” 
(American Medical Systems, Minnetonka, MN), a self- 
expanding stent with a radial mesh design that exerts out- 
ward force against the wall of the prostatic urethra to 
maintain patency2’; and the “Titan” (Advanced Surgical 
Intervention, San Clemente, California), an expandable 
titanium stent that is placed over a balloon into the pro- 
static urethra.28 Within a few months, the urethral epithe- 
lium grows over and covers the surface of the urethral 
stent. 

Urethral stents have proved to be safe and effective for 
the treatment of symptomatic benign prostatic hyperpla- 
sia, but most urologists choose to use them in only a 
small, select group of patients who cannot tolerate more 
invasive forms of therapy. Unfortunately, the stents 
sometimes become dislodged (Fig. 21.38), and if the 
urethral epithelium does not grow over and cover the 
surface stones may encrust them. Both of these compli- 
cations are visible on appropriate radiographs. Some pa- 
tients with stents develop severe irritative voiding symp- 
toms. For all these reasons, urethral stents have not 
proved to be the method of choice for the treatment of 
benign prostatic hyperplasia. Indeed, the ultimate ure- 
thral endoprosthesis for the treatment of an enlarged 
prostate has yet to be developed. ` 

Another rapidly evolving, minimally invasive surgical 
technique that holds great promise for the relief of ob- 
structive symptoms due to an enlarged prostate is mi- 
crowave thermotherapy.?9 The basic principle of this 
technique is that a computer pulses microwaves through 
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FIGURE 21.37. Insertion of a self-retaining metal stent into the 
urethra for treatment of benign prostatic hyperplasia. (A) Ure- 
throscopic view of the enlarged prostate before inserting the 


a urethral catheter, heating the prostate to at least 45°C, 
destroying prostatic tissue and widening the urethra. 
Data from Europe suggest that microwave prostate ther- 
motherapy is a safe, effective method for treating benign 
prostatic hyperplasia. The only significant complication 
is prostatic edema, which leaves about one-third of 
treated patients unable to void for up to 3 days. 

A U.S. Food and Drug Administration (FDA) advisory 
committee recently unanimously recommended that the 
agency approve the Prostraton, a device for delivering 
microwave prostatic thermotherapy, and recommended 
that it be used in patients over age 45 whose prostates 
are between 3.5 and 5.0 cm long. Further enhancement 
of technology will improve the results of treatment, so 
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stent. (B) “Titan” stent. (C) Urethroscopic view immediately af- 
ter stent insertion. (D) Urethroscopic view 6 months after stent 
insertion. The urothelium has covered the surface of the stent. 


the outcome may eventually become comparable to the 
outcome of TURP. 

Multicenter trials are currently under way to evaluate 
another minimally invasive surgical technique, trans- 
urethral needle ablation of the prostate (TUNA) with ra- 
diofrequency hyperthermia. The TUNA system delivers 
low level radiofrequency power through needles selec- 
tively placed transurethrally in the prostatic adenoma. 
Preliminary clinical data indicate that symptoms im- 
prove significantly in most patients after therapy.30 The 
long-term definitive role of this unique device awaits the 
results of ongoing trials. 

The newest minimally invasive surgical technique for 
ablating the prostatic tissue involves the use of high in- 
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FIGURE 21.38. (A) Radiograph obtained immediately after insertion of an ASI stent. (B) Follow-up radiograph shows that the stent 


has become disloged. 


tensity focused ultrasound. It too is undergoing multi- 
center trials to evaluate its clinical effectiveness, and pre- 
liminary results are encouraging. 

With so many exciting new minimally invasive surgical 
techniques becoming available, it seems highly likely 
that at least one will eventually replace TURP as the 
method of choice for surgical management of benign 
prostatic hyperplasia. 

It is to TURP, the gold standard for managing sympto- 
matic patients with benign prostatic hyperplasia weigh- 
ing less than 100 g, that all new technologies are com- 
pared. Some of the disadvantages of TURP are that 
patients may absorb on excessive amount of water dur- 
ing the procedure or may bleed vigorously during or af- 
ter surgery. Fortunately, long-term complications, in- 
cluding bladder neck contracture, urethral stricture, 
impotence, and incontinence are rare.31 

A few patients who present with urinary obstruction 
have small prostates. Transurethral incision of the 
prostate (TUIP), a relatively minor procedure, may serve 
as an alternative form of treatment for them. 

Laser treatment of symptomatic benign prostatic hy- 
perplasia using a neodymium YAG (Nd:YAG) laser sys- 
tem has become increasingly popular. Other laser wave- 
lengths are currently undergoing careful scrutiny as well. 
The three delivery systems currently available, each of 
which differs with respect to technique, safety, and effi- 
cacy, are free beam lateral firing fibers, contact tip 
fibers, and interstitial fibers. 

Visual laser ablation of the prostate (VLAP) is safe and 
more comfortable for the patient than TURP. There is 
no risk of bleeding or fluid absorption during the proce- 


dure, it is done on outpatients and poses no danger to 
high risk patients including those on anticoagulants (see 
Chapter 27) .32 

Urologists have made a number of modifications in 
the laser delivery system to adapt to the different 
anatomic configurations they encounter. In spinal cord 
injury patients with obstruction at the bladder neck and 
prostatic urethra, for example, the Perkash sapphire 
chisel probe provides an efficient method for treat- 
ment.33 The urologist makes buttonholes with the chisel, 
creating an avascular bridge between the buttonholes, 
and then cuts the bridges. 

Open suprapubic prostatectomy is the operation 
of choice for patients whose prostates weigh more than 
100 g, who have additional bladder pathology (e.g., large 
bladder stones or large bladder diverticula), or who can- 
not lie in the lithotomy position because they have vari- 
ous anatomic abnormalities that prevent them from do- 
ing so. 

A common misconception about transurethral resec- 
tion of the prostate is that the urologist resects tissue to 
the apex of the prostate. A review of the anatomy (Fig. 
21.3) reveals that the transition zone of the prostate, 
from which benign prostatic hyperplasia arises, lies 
above the verumontanum. The periurethral glands, 
from which periurethral gland hyperplasia arises, also lie 
in the proximal prostatic urethra, above the verumon- 
tanum. It follows that, in order to resect hyperplastic 
prostatic tissue, the urologist must usually do the resec- 
tion above the base of the verumontanum, resecting tis- 
sue from the bladder neck to the base of the verumon- 
tanum. Only on rare occasions does the urologist need 
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FIGURE 21.39. Typical appearance of a TURP defect seen at au- 
topsy. (A) Viewed from above, the defect extends to the base of 
the verumontanum, which projects into the lumen posteriorly 


to resect further—and almost never to the distal end of 
the verumontanum. Even in those rare cases where the 
urologist does resect to the distal end of the verumon- 
tanum, a significant amount of apical prostatic tissue re- 
mains. A review of anatomy, shown in Figure 21.3 and 
discussed earlier in this chapter, makes it clear why this 
so. Figure 21.39 demonstrates the extent of a TURP seen 
at autopsy in most cases. Figure 21.40 shows the typical 
extent of the TURP defect seen on a cystogram, and Fig- 
ure 21.41 shows the extent seen on transrectal sonogra- 
phy. It is true that some urologists once resected much 
more tissue than was necessary. Complications that fol- 
low such a resection include Proteus mirabilis infections, 
resulting in encrustation of the TURP defect with stru- 
vite (Fig. 21.42), and the formation of a large struvite 
stone in the cavity (Fig. 21.43). 


FIGURE 21.40. Cystogram showing a typical TURP defect. 


(From Friedland et al.,3 with permission.) 
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B 


(asterisk). (B) Sagittal section, with a probe in the ejaculatory 
duct. The defect does not involve the distal half of the prostatic 
urethra. (Courtesy of John McNeal, MD.) 


In all patients with detrusor-sphincter dyssynergia, a 
neuromuscular dysfunction of the bladder and urethra, 
the prostatic urethra is narrow. The cause of detrusor- 
sphincter dyssynergia is a lesion of the spinal cord some- 
where between the pons and the conus (sacral cord). All 
such patients also have a reflex bladder. The neuromus- 
cular dysfunction of these patients is that when their de- 
trusor contracts their periurethral striated sphincter 
does not relax (Fig. 21.44). On urodynamic studies the 
bladder pressure rises during voiding and stays high with 
some intermittent rise and fall; and instead of disappear- 
ing during voiding, electrical activity in the periurethral 


FIGURE 21.41. Transrectal sonogram showing a typical TURP 
defect, which involves only the proximal half of the prostatic 
urethra. Arrow points to the apex of the prostate. 
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FIGURE 21.42. View of the prostate showing encrustation of an 
excessively large TURP defect with struvite (arrows). 


striated sphincter increases. Because the periurethral 
striated sphincter fails to relax, a radiographic or sono- 
graphic VCUG reveals that the distal half of the prostatic 
urethra, which is surrounded by the periurethral striated 
sphincter, is narrow (Fig. 21.45). The contracted peri- 
urethral striated sphincter also forces the verumon- 
tanum into the lumen of the prostatic urethra, making 
the verumontanum appear prominent.34 Proximal to the 
point of obstruction, the urethra and bladder neck often 
appear wide. Patients who are adequately treated, usually 
with sphincterotomy, do not develop reflux into the 


FIGURE 21.43. Formation of a huge struvite stone in an exces- 
sively large TURP defect. (A) Preliminary radiograph showing 
the huge, obstructing stone and a catheter that was forced be- 
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prostate, seminal vesicles, or ureter, whereas patients 
with persistent outflow obstruction do. 

The appearance of the urethra in patients with 
detrusor-sphincter dyssynergia may be similar to that of 
a patient with a stricture; therefore other methods are 
required to differentiate the two. An electromyogram of 
the periurethral striated sphincter reveals that the elec- 
trical activity increases during attempted voiding in a pa- 
tient with detrusor—-sphincter dyssynergia, whereas the 
activity disappears completely during attempted voiding 
in a patient with a stricture (Fig. 21.46). After suprapu- 
bic tapping, the periurethral striated sphincter relaxes 
and the urethra opens in patients with detrusor- 
sphincter dyssynergia, whereas it remains closed in pa- 
tients with stricture. Finally, a catheter passes easily 
through the narrow area that relaxes intermittently when 
it is due to detrusor-sphincter dyssynergia, but it meets 
significant resistance when a stricture is present. Some- 
times, however, a stricture is more localized and therefore 
easy to recognize on an imaging study (Fig. 21.47). 

The treatment options for patients with detrusor- 
sphincter dyssynergia include intermittent catheteriza- 
tion, transurethral sphincterotomy, the use of a stent, or 
administration of calcium channel blockers. Most pa- 
tients undergo intermittent catheterization for the first 
3 months after a spinal cord injury, during the period of 
spinal shock. However, those patients who undergo long- 
term intermittent catheterization after 3 months occa- 
sionally develop false passages extending up from the 
urethra, secondary bladder neck obstruction due to a 
posterior ledge at the bladder neck, or precipitous blad- 
der contractions during catheterization. 


B 


yond it. (B) Cystogram, showing the huge defect (arrows) and 
left vesicoureteral reflux. (From Friedland et al.,34 with permis- 
sion.) 
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FIGURE 21.44. Detrusor-sphincter dyssynergia. (From Fried- 
land et al.,! with permission.) 


Patients with various psychological disturbances may fail 
to relax their periurethral striated sphincter, so the ure- 
thra appears narrow on an imaging examination. Various 
authors have described two syndromes in males that have 
a psychological basis: the Hinman syndrome and psy- 
chogenic retention. The Hinman syndrome usually devel- 
ops in young children, often at the time they are undergo- 
ing potty training. They become so fearful of making a 
mess, that they do not relax their periurethral striated 
sphincter completely during voiding. As a result, their 
bladder pressure rises, and they develop vesicoureteral re- 
flux. In some patients the problem becomes so severe they 
go into retention and may even develop renal failure. 
This severe form of the disorder is termed psychogenic 
retention. Unlike the situation with detrusor-sphincter 
dyssynergia, however, the electromyogram of the peri- 
urethral striated sphincter in these patients usually re- 
veals complete cessation of electrical activities at the be- 
ginning of voiding, although electrical activity returns as 
voiding proceeds and the patients voluntarily contract 
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FIGURE 21.45. Appearances of detrusor-sphincter dyssynergia 
on a radiographic (top) and sonographic (middle and bottom) 
voiding cystourethrogram. (From Shapeero et al.,!3 with per- 
mission.) 


their periurethral striated sphincter. All these patients 
respond well to biofeedback and psychotherapy. 


Widening of the Prostatic Urethra 


The most common causes of widening of the prostatic 
urethra are prune-belly syndrome (see Chapter 20), the 
defect due to TURP, a more distal obstructive lesion 
(e.g., posterior urethral valves, a stricture, or detrusor- 
sphincter dyssynergia), and a lower motor neuron lesion 


(Fig. 21.48). 


Extraluminal Contrast Material 


Congenital anomalies giving rise to extraluminal con- 
trast material are discussed in Chapter 20; and traumatic 
lesions associated with the escape of contrast material 
from the urethra are discussed in Chapter 6, except for 
false passages, which we discuss here. Because inflamma- 
tory fistulas may also involve the anterior urethra, these 
lesions are discussed in the section on anterior urethra. 
False passages may occur in the region of the membra- 
nous urethra and extend into the urogenital diaphragm. 
Contrast material escaping from the membranous ure- 
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FIGURE 21.47. Localized stricture in the prostatic urethra (ar- 
rows). (From Friedland et al.,34 with permission.) 
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FIGURE 21.46. Difference between detrusor- 
sphincter dyssynergia and a stricture. (From 
Friedland et al.,! with permission.) 


NO ACTIVITY DURING 
ATTEMPTED VOIDING 


DILATOR MEETS 
RESISTANCE 


FIGURE 21.48. Widening of the prostatic urethra in a patient 
with a lower motor neuron lesion. The intraurethral pressure is 
insufficient to distend the membranous urethra. Because of 
the lax urogenital diaphragm, both the bladder and the rectal 
gas shadow descend well below the symphysis pubis. 
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thra into the urogenital diaphragm during VCUG has a 
spheroid configuration—hence the designation “spher- 
oid sign” for this appearance (Fig. 21.49). 

A retrograde urethrogram or a VCUG may demon- 
strate false passages extending from the prostatic urethra 
(Fig. 21.50). The sensitivity of a VCUG, however, is only 
about 20% compared with urethroscopy, which is the 
“gold standard.” When a 5F catheter is passed up the ure- 
thra and watched under sonographic control, the sensi- 
tivity rises to 80% (Fig. 21.51). The reason is that a mu- 
cosal flap covers the orifice of the false passage; when a 
catheter is passed up the urethra, it lifts up this mucosal 
flap and enters the false passage, where it is visible on 
transrectal sonography.35 Such false passages occur most 
commonly posteriorly at the angle of the urethra, as the 
catheter may continue in a straight line instead of bend- 
ing and may perforate the mucosa at this point (Fig. 
21.52). During voiding the urinary stream closes the mu- 
cosal flap, making the false passage invisible (Fig. 21.52). 
The sensitivity of a dynamic retrograde urethrogram is 
about 60%. 

Finally, contrast material may intravasate into the ducts 
of glands draining into the prostatic urethra, usually be- 
cause of high-grade obstruction in the distal prostatic 
urethra, which most commonly occurs in patients with 
detrusor-sphincter dyssynergia or a stricture. In these 
patients, high pressures are generated in the proximal 
prostatic urethra during voiding and may force contrast 
material into the prostatic ducts (Fig. 21.50) or the semi- 
nal vesicles (Fig. 21.53). 


Filling Defects in the Posterior Urethra 


Table 21.1 outlines the common causes for filling defects 
in the posterior urethra. Urethral calculi (Fig. 21.54) 
and urethral neoplasms are discussed in greater detail in 
the section on the anterior urethra, and congenital 
anomalies are discussed in Chapter 20. The radiographic 
appearances of polyploid urethritis (Fig. 21.55) and 
urethritis cystica (Fig. 21.56) are nonspecific. Ure- 
throscopy and biopsy are usually required to establish 
the diagnosis. 


Abnormalities of the Anterior Urethra 
Anterior Urethral Strictures 


Table 21.2 outlines the major causes of anterior urethral 
stricture. Urologists commonly classify all such strictures 
functionally into three groups: passable, where both a 
catheter and urine can pass; permeable, where a 
catheter, but not urine, can pass; and impassable and im- 
permeable. 

The glands of Littré, which drain into the lumen of the 
anterior urethra, are not normally visible on imaging 
studies unless they become inflamed (Fig. 21.57). If any 
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FIGURE 21.49. False passage into the urogenital diaphragm 
(“spheroid sign”). (From Friedland et al.,3 with permission.) 


FIGURE 21.50. Multiple false passages and intravasation into the 
prostatic ducts. (From Friedland et al.,3 with permission.) 


FIGURE 21.51. Under ultrasonographic guidance (left) a 
catheter was passed into a false passage (arrow). A voiding cys- 
tourethrogram performed on the same patient (right) appears 
normal. (From Perkash and Friedland,35 with permission.) 
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FIGURE 21.52. A catheter elevates a mu- 
cosal flap overlying a false passage, and the 
urine stream forces the flap closed during 
voiding. (From Friedland et al.,! with per- 


FALSE PASSAGE mission.) 
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of the bacteria listed in Table 21.2 proliferate in the TABLE 21.1. Filling defects in the prostatic urethra 
glands of Littré, they can cause inflammation, which asit Intraluminal 
progresses leads to the development of granulation tis- Calculi 
sue, fibrosis, and stricture. Foreign body 
Urologists cannot manage strictures without knowing Blood clot 


their exact location, number, length, and caliber as well Arising from the wall 


as the presence or absence of complicating fistulas, false Congenital 
passages, diverticula, and abscesses—hence the need for Posterior urethral valve 
diagnostic imaging. The dynamic retrograde urethro- Congenital urethral polyp 


gram remains the most popular method for studying ECD eure leroccle 


eee ees (Fig. 21.58) , but in some centers oe aia and mesenchymal neoplasms 
sonography has supplanted this technique.36-38 Sono- Malignant 
graphic images are obtained with a 7.5 MHz linear array Primary malignant neoplasms: carcinoma, sarcoma, melanoma 
transducer while the radiologist distends the urethra Metastases: from prostate, bladder, kidney, testis, malignant 
with normal saline (Figs. 21.59, 21.60). Apart from avoid- melanoma 

nflammatory 


ing the need for irradiation, the sonographic study de- Polypoid urethritis 
picts the depth of fibrosis better than does the dynamic Urethritis cystica 
retrograde urethrogram. 

Urologists currently treat urethral strictures by laser in- 
ternal urethrotomy, balloon dilatation, or insertion of 
urethral stents. The results of treatment by noncontact 
laser internal urethrotomy are poor; 65% of strictures re- 
cur within 6 months.39 Urethral strictures are now best 
treated by contact laser internal urethrotomy with the 


FIGURE 21.53. Reflux into seminal vesicles (arrows). The left 
seminal vesicle is elevated by a pelvic abscess. (From Friedland FIGURE 21.54. Nonopaque calculus causing a filling defect in 
et al.,3 with permission.) the prostatic urethra (arrow). 
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FIGURE 21.55. Polypoid urethritis (arrow) and stricture in the 
membranous urethra. 


sapphire chisel tip firing probe, which vaporizes all the 
fibrous tissue. Long-term follow-up has shown that stric- 
tures do not recur after contact laser internal urethrot- 
omy.40 

Urologists may also dilate the urethra with a balloon, 
after which they can insert a stent if the patient develops 
a recurrent stricture. Urethrography performed 1 month 
after stent insertion shows that the lumen of the stent is 
irregular because urothelium is growing into it. The ir- 
regularity gradually decreases, and by 6 months the 
urothelium has covered the surface of the stent, so its lu- 
men now appears smooth on urethrograms.41 


FIGURE 21.56. Urethritis cystica. 
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TABLE 21.2. Major causes of anterior urethral strictures 


Antiandrogen therapy for prostate cancer 


Postinflammatory: gonorrhea (50%), Chlamydia, tuberculosis, Reiter 
syndrome, Mycoplasma, schistosomiasis 


Posttraumatic: usually bulbous urethra, after a straddle injury 


Iatrogenic: due to catheters, cystoscopes, sounds; common sites 
include external meatus, penoscrotal junction, urogenital diaphragm 
area 


Squamous cell carcinoma 


Congenital 
Meatal stenosis with hypospadias 
At junction of anterior and posterior urethra: prune-belly 
syndrome, H-type fistulas 


Six months to a year after stent insertion, about 40% 
of treated patients have strictures visible again on ure- 
thrography.41! Early strictures are due to stent misplace- 
ment or migration; later strictures (at about 3 months) 
are due to overgrowth of tissue into the lumen of the 
stent. New strictures are seen later still, usually at about 6 
months or a year. 

Other complications may occur after urethral 
stent insertion for strictures. Local irritation may 
disturb the patient, and the patient may palpate the 
stent, which may also interfere with sexual func- 
tion. 


FIGURE 21.57. Enlarged glands of Littré and multiple urethral 


strictures. (From Friedland et al.,3 with permission.) 


380 


A 


FIGURE 21.58. (A) Retrograde urethrogram reveals stricture in 
the membranous urethra and slight extravasation of contrast 
material into the corpus spongiosum. (B) Subsequent voiding 


Extraluminal Contrast Material 


Table 21.3 outlines the most common causes of extralu- 
minal contrast material. Fistulas may be single (Fig. 
21.61) or multiple. When a patient with multiple fistulas 
voids, urine escaping from the multiple orifices makes 
the perineum and undersurface of the urethra look like 
water escaping from the head of a watering can, so this 
appearance has commonly become known as the “water- 
ing can urethra.” The most common causes for this ap- 
pearance are gonorrhea (Fig. 21.62) and multiple ab- 
scesses. Rare causes include Crohn’s disease (Fig. 21.63), 
tuberculosis (Fig. 21.64), and schistosomiasis. The radio- 
logic appearances are nonspecific. An adequate history, 
urethroscopy, and biopsy are required to make the diag- 
nosis. For example, patients with Crohn’s disease of the 
urethra always have Crohn’s disease of the colon as well. 
Schistosomiasis occurs only in people who have lived in 
or visited parts of the world where schistosomiasis is 
prevalent, even so, they do not develop the disease un- 
less they have immersed some part of the body in in- 
fected water. Microscopic examination of the urine usu- 
ally reveals the presence of typical ova. 

Periurethral abscesses may be pyogenic or due to 
Crohn’s disease. They become evident on urethrograms 


only when they communicate with the urethral lumen 
(Figs. 21.65, 21.66). 


Gerald W. Friedland, Matilde Nino-Murcia, Harcharan S. Gill, and Inder Perkash 


film confirms the presence of strictures in the membranous 
and distal urethra. 


Acquired anterior urethral diverticula usually occur 
on the ventral surface of the urethra (Figs. 21.20, 
21.67).43 Such diverticula may develop when a peri- 
urethral gland abscess ruptures into the urethra, from 
the chronic trauma of a long-term indwelling catheter, 
or following urethroplasty, especially if a stricture has 
formed distal to the urethroplasty site. Extravasation of 
urine from the urethra following a urethral injury may 
lead to the formation of a pseudodiverticulum. All 
such diverticula are usually readily diagnosed on a 
VCUG, although sonography can also be useful. They 
are easily missed at cystoscopy. Sometimes the divertic- 
ulum overlaps the urethral lumen, giving rise to the 
“double-density” sign (Fig. 21.21). If the radiologist ex- 
amines the urethra in different degrees of obliquity or 
tube angulation, this overlap can be avoided (Fig. 
21.20); films obtained after contrast material has 
drained from the urethra may also reveal hidden diver- 
ticula (Fig. 21.21). 

No patient, if properly cared for, should develop pres- 
sure sores in the buttocks. Unfortunately, if care is inade- 
quate or the patient is not careful, pressure sores may de- 
velop and, if deep enough, can result in osteitis of the 
ischial tuberosities. Some surgeons treat this problem by 
performing an ischiectomy, but this procedure is dis- 
couraged because the patient would then bear weight on 
his unprotected urethra. This chronic injury may result 
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FIGURE 21.59. Comparison of the results of retrograde ure- tures (arrows). Short stricture (A & B) and long stricture (C & 
thrography and sonography for evaluation of urethral stric- D). (From McAninch et al.,36 with permission.) 
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FIGURE 21.60. Calculi in a urethral stricture. Preliminary radiograph (A) and sonographic study (B). (From McAninch et al.,36 
with permission.) 
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TABLE 21.3. Anterior urethra: causes of extraluminal contrast 
material 

Fistulas 

Diverticula 

Glands of Littré 

Cowper’s glands 

Posttraumatic 

Chronic pressure on the bulbous urethra after ischiectomy 

Venous filling 


in peculiar outpouchings from the urethral lumen and 
urethral strictures (Fig. 21.68). 

If contrast material is introduced into the urethra un- 
der too high pressure, it sometimes extravasates, result- 
ing in venous filling (Fig. 21.69). Therefore we prefer to 
instill contrast material during retrograde urethrogra- 
phy via a drip system or autourethrography, so the pres- 
sure at which it is administered can be adequately con- 
trolled. Contrast material may also intravasate into the 
ducts of Cowper’s glands in patients with chronic ob- 
structive lesions at or distal to the orifices of these glands 


(Fig. 21.70). 


Anterior Urethral Filling Defects 


Table 21.4 outlines the most common causes of anterior 
urethral filling defects. Primary urethral cancers usually 


FIGURE 21.61. Gonococcal urethritis with strictures and a single 
perineal fistula. 
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FIGURE 21.62. “Watering can urethra” due to gonococcal ure- 
thritis. (From Friedland et al.,3 with permission.) 


FIGURE 21.63. “Watering can urethra” due to Crohn’s disease. 
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FIGURE 21.64. “Watering can urethra” due to tuberculosis. 
(From Amis and Newhouse,?? with permission.) 


develop in chronic urethral strictures. The clinician can 
suspect the presence of primary urethral cancer if hema- 
turia or fistulas develop or if the lesion becomes increas- 
ingly more obstructive. Histologically, such cancers are 


usually transitional cell cancers in the posterior urethra 


and squamous cell cancers in the anterior urethra. Ade- 
nocarcinoma arising from Cowper’s or Littré’s glands 
may occur in the bulbomembranous urethra. 

On a retrograde urethrogram or VCUG, small lesions 
cause correspondingly small filling defects (Fig. 21.71); 
large lesions appear rigid, unable to distend fully or col- 
lapse. This feature, in addition to their extreme nodular- 


r 


FIGURE 21.65. Large pyogenic abscess communicating with the 
urethra. 
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FIGURE 21.66. Abscess due to Crohn’s disease communicating 
with the urethra. 


FIGURE 21.67. Acquired urethral diverticula. 
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FIGURE 21.68. Multiple urethral outpouchings that developed 
after the patient underwent bilateral ischiectomy. 


ity and irregularity (Fig. 21.72), makes the diagnosis of 
carcinoma highly likely. 

Intraluminal blood clot creates a long tubular intralu- 
minal filling defect on a contrast study, completely sur- 
rounded by contrast material (Fig. 21.73). 

Imaging studies are not usually required for the diag- 
nosis of intraurethral condylomata acuminata (venereal 
warts), as all such patients have typical external lesions. 
Some evidence exists, moreover, that performing a retro- 
grade urethrogram or VCUG in such patients spreads 
the disease more proximally, sometimes into the bladder. 
Despite these problems, urologists sometimes request a 


FIGURE 21.69. Venous intravasation. 
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FIGURE 21.70. Intravasation into the ducts of Cowper’s glands 
(arrows) in a patient with posttraumatic urethral stricture. 


retrograde urethrogram in such patients to confirm that 
urethral disease is indeed present and to demonstrate its 
extent. Characteristically, the multiple warts create multi- 
ple mucosal filling defects throughout the urethra (Fig. 
21.74). The radiologic differential diagnosis includes 
metastases from carcinoma of the prostate or malignant 
melanoma, but the characteristic clinical features estab- 
lish the diagnosis. On rare occasions the lesions grow to 


TABLE 21.4. Common causes of anterior urethral filling defects 


Malignant neoplasm 

Squamous cell or adenocarcinoma 

Metastases (prostate, bladder, testis, malignant melanoma) 
Inflammatory: condyloma acuminatum 
Intraluminal: calculi, foreign body, blood clot 


FIGURE 21.71. Small squamous cell carcinoma of the anterior 
urethra (arrows). 
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an enormous size and become invasive; such lesions are 
called Buschke-Loewenstein tumors. 

Two types of urethral stones exist: (1) primary or na- 
tive, which form in the urethra; and (2) secondary or mi- 
grant, which have migrated from higher up, from the 
bladder or the upper urinary tract. Common underlying 
causes of primary calculi include diverticulitis, a foreign 


FIGURE 21.72. Large squamous cell carcinoma of the anterior 
urethra. (From Friedland et al.,3 with permission.) 


FIGURE 21.73. Intraluminal blood clot. 
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FIGURE 21.75. Preliminary radiograph (A) and retrograde ure- 
throgram (B) showing multiple bladder calculi and a secondary 
FIGURE 21.74. Condylomata acuminata. (From Friedland et urethral calculus. There is also corporeal extravasation and ve- 
al.,3 with permission.) nous intravasation. (From Friedland et al.,3 with permission.) 
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body, strictures, prior urethroplasty in which the urolo- 
gist has used hair-bearing skin, and malignancies. Sec- 
ondary calculi do not usually obstruct the urethra unless 
an underlying urethral stricture or diverticulum exists. 
Secondary calculi are 10 times more common than pri- 
mary calculi, and both types occur with equal frequency 
in the anterior and posterior urethra. Because primary 
calculi grow slowly, they do not produce acute symptoms; 
secondary calculi, on the other hand, cause an acute par- 
tial or complete urethral obstruction, resulting in severe 
perineal pain or dysuria. 

It is important to obtain a preliminary radiograph to 
search for opaque calculi, as contrast material frequently 
obscures them. Although some urethral calculi are large 
and opaque (Fig. 21.75), most are small and only faintly 
opaque, which is why 60% of all urethral calculi are 
missed on radiologic examinations. It is also why some 
authors suggest transrectal sonography to search for cal- 
culi in the posterior urethra and direct sonography to 
look for anterior urethral calculi. 


Female Urethra 


Anatomy 


The entire female urethra (Fig. 21.76) is anatomically 
similar to the male prostatic and membranous urethra, 
except that the prostate, ejaculatory ducts, and veru- 
montanum do not, of course, exist in the female. It 
passes downward and forward from the bladder neck to 
the urogenital diaphragm. Females have a urethral crest 
similar to that seen in males; and about 50% have an in- 
termuscular incisura, which is usually less prominent 
than it is in males. The levator ani muscle bows the fe- 
male urethra forward just above the urogenital di- 
aphragm, which in turn may narrow the urethra concen- 
trically or press on it anteriorly. Below the urogenital 
diaphragm the distal end of the female urethra, called 
the distal urethral segment, which terminates at the ex- 
ternal meatus, is composed entirely of collagen tissue, 
making it the least distensible urethral segment. 

About 75% of young girls reflux into the vagina during 
a VCUG, in which case the intravaginal contrast material 
outlines a variable length of the vagina. When this hap- 
pens, the urogenital diaphragm creates a sharp trans- 
verse constriction near the distal end of the vagina (Fig. 


21.76). 


Diagnostic Imaging 


Incontinence is one of the most common functional ab- 
normalities affecting the female urethra. It is discussed 
in Chapter 5. Congenital anomalies are discussed in 
Chapter 20. 
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FIGURE 21.76. Normal voiding cystourethrogram in a girl with 
vaginal reflux. 


Extraluminal Contrast Material in Women 


Contrast material lying outside the general confines of 
the urethra in women is usually due to urethral divertic- 
ula, an ectopic ureter or ectopic ureterocele, and fistu- 
las. It may also be caused by radiation therapy or a malig- 
nant neoplasm. 

Urethral diverticula occur in 3% of all adult women. 
The most common causes for these diverticula are birth 
trauma and chronic urethritis. Congenital diverticula 
are rare in women. 

No imaging technique has proved entirely satisfactory 
for the diagnosis of urethral diverticula in women, which 
is why so many techniques have been tried. The most 
commonly used include a VCUG, an endoluminal 
transurethral sonogram,‘ a retrograde urethrogram us- 
ing a Davis double-balloon catheter, transvaginal sonog- 
raphy, and MRI.45 Because of its high cost, MRI should 
be considered only when urethroscopic or urethro- 
graphic findings are equivocal or when patients are un- 
able to undergo these procedures.45 In addition, a physi- 
cian who happens to palpate a diverticulum on vaginal 
examination can perform a transvaginal puncture, fill 
the diverticulum with contrast, and obtain a radiograph. 

Calculi may form in urethral diverticula and may be 
opaque (Fig. 21.77) or nonopaque, when they create a 
filling defect within the diverticulum on a voiding or ret- 
rograde urethrogram. The differential diagnosis in such 
cases includes an adenocarcinoma within the diverticu- 
lum and inflammatory debris. CT or transvaginal angiog- 
raphy can be used to differentiate these various causes. 


Neoplasms 


Malignant neoplasms involving the proximal urethra in 
women are usually transitional cell carcinomas; adeno- 
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FIGURE 21.77. Urethral diverticulum containing an opaque calculus: plain film (A) and voiding cystourethrogram (B). (From 


Friedland et al.,3 with permission. ) 


carcinomas arising in Skene’s glands may occur in the 
distal urethra. Both types usually manifest because they 
obstruct the urethra. 


Chronic Urethritis in Women (Urethral Syndrome) 


In women with urethral syndrome due to chronic ure- 
thritis, transvaginal sonography shows the thickness of 
hypoechoic tissue surrounding the urethra to be signifi- 
cantly increased. In a normal woman the hypoechoic tis- 
sue surrounding the urethra measures 1.3 cm or less. 
When urethral syndrome is present, the periurethral hy- 
poechoic tissue measures more than 1.3 cm. In our expe- 
rience this finding in the appropriate clinical setting is 
diagnostic. 


Spastic Periurethral Striated Sphincter Syndrome 


The spastic periurethral striated sphincter syndrome oc- 
curs in middle-aged women, probably in response to 
stress incontinence. These women become so used to vol- 
untarily contracting their periurethral striated sphincter 
they do not relax it during voiding. The electromyogram 
of the periurethral striated sphincter of these patients 
usually reveals complete cessation of electrical activity at 
the beginning of voiding, although electrical activity re- 
turns as voiding proceeds and the patients voluntarily 
contract their periurethral striated sphincter. On a 
VCUG the distal half of the urethra, which is surrounded 
by the periurethral striated sphincter, is narrow (Fig. 
21.78). These women respond well to biofeedback and 
psychotherapy. 


FIGURE 21.78. Spastic periurethral striated sphincter syndrome. 
The periurethral striated sphincter is partially contracted, nar- 
rowing the distal half of the urethra. 
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Radiology of Penile Prostheses 


Richard H. Cohan and Dana A. Ohl 


Early research suggested that in most cases impotence 
results from psychogenic factors and that psychotherapy 
is the most appropriate treatment.!.2 More recently there 
has been a virtual explosion in knowledge about the 
erectile process. It has since become clear that a variety 
of components are involved (hormonal, neurogenic, vas- 
culogenic) .3 It is now believed that most etiologies of im- 
potence are organic rather than psychogenic, and that 
most organic causes are due to vasculogenic dysfunc- 
tion.4 A variety of other organic causes have also been 
identified, including neurologic diseases (affecting ei- 
ther the central nervous system) or the lower spinal 
cord6), medications (e.g., B-blockers, calcium channel 
blockers, and thiazide diuretics) ,” pelvic surgery (partic- 
ularly radical prostatectomy) ,8 and trauma.9 Some inves- 
tigators have suggested that a combination of psy- 
chogenic and organic factors plays a role in causing 
impotence in some patients.3 

A variety of treatment alternatives for impotent pa- 
tients currently exist. Arterial inflow lesions usually re- 
quire surgical bypass, as they most often occur in vessels 
that are too small to allow angioplasty. Despite surgical 
intervention, restenoses can occur. Poor standardization 
of criteria for success, lack of independent evaluation of 
results, and lack of multicenter trials make determina- 
tion of the true efficacy of arterial bypass or angioplasty 
difficult to determine!9; existing reports have indicated 
that arterial bypass is effective in only 60-70% of pa- 
tients even at the most experienced centers.!1 

Venous insufficiency is often alleviated only transiently 
after penile venous ligation. In one series, for example, a 
long-term success rate of only 29% was reported. 12 

Intracavernosal injections of vasoactive drugs (e.g., 
papavarine/phentolamine and prostaglandin E,) have 
been utilized and are often effective. Complications 
are occasionally encountered. Although a 4% inci- 
dence of priapism was reported in one series,!3 this 
complication is much less frequently seen with increas- 
ing use of prostaglandin E; (PGE,) instead of pa- 
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pavarine. Others have noted the development of 
hematomas, pain, and fibrotic lesions in a significant 
number of patients.14,15 

External vacuum devices can also be used but are cum- 
bersome. Application of these devices can be time- 
consuming, which is probably at least partly responsible 
for the low satisfaction rates (i.e., 50%).3 Use of a vac- 
uum device requires that a series of steps be followed: 
(1) placement of a constriction band over the plastic 
cylinder; (2) positioning the lubricated cylinder over the 
penis; (3) attaching the pump to the cylinder; (4) creat- 
ing an erection-inducing vacuum in the cylinder; and 
(5) sliding the constriction band off the base of the 
cylinder onto the penile shaft (to prevent venous egress 
of blood) .16 

Of all of the available treatments for impotence, pe- 
nile prostheses are often preferred by both patients and 
urologists. These devices can be used initially in some 
patients but are always available should other attempted 
treatments fail (which, as can be seen, is often the case). 
Technologic developments have led to improved func- 
tion and reliability of these devices and has served to in- 
crease their popularity. Penile prostheses are also now 
being inserted to treat penile deformity due to Pey- 
ronie’s disease or previous trauma.17,18 

In many instances the imager may identify penile pros- 
theses as incidental findings on abdominal radiographs, 
computed tomography (CT) scans, and magnetic reso- 
nance imaging (MRI) studies. On occasion the radiolo- 
gist is asked to identify the cause of a malfunction, par- 
ticularly of the inflatable types. It is therefore helpful for 
the imager to be familiar with the normal appearance of 
penile prostheses and with abnormalities that may per- 
mit identification of a specific cause of prosthesis mal- 
function. This chapter presents a brief description of the 
currently available penile prostheses and the more com- 
mon problems that can be identified on imaging stud- 
ies. As our society ages, it is likely that an increasing 
number of patients with penile prostheses will be en- 
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countered and that radiologists will be called on to im- 
age these patients. 


General Principles 


There are four basic types of penile prosthesis: (1) semi- 
rigid nonmalleable rods; (2) semirigid malleable rods; 
(3) mechanical devices; and (4) inflatable penile pros- 
theses (either as multicomponent or self-contained de- 
vices). Two types (semirigid malleable rods and standard 
multicomponent inflatable prostheses) are most widely 
used and are encountered with great frequency. A list of 
all of the currently available penile prostheses is pro- 


vided in Table 22.1. 


Semirigid Nonmalleable Rods 


The first semirigid prosthesis, developed in 1973, con- 
sisted of two paired silicone rods that were inserted into 
each corpora cavernosum. This Small-Carrion prosthesis 
(Mentor Corporation, Goleta, CA) was composed of an 
outer silicone shell surrounding an inner silicone 
sponge core.!9 The lack of metallic components made 
semirigid rods only faintly radiopaque, so they were not 
well visualized on pelvic radiographs.20 Although initially 
patients reported being satisfied with this prosthesis, it 
was rigid and the shape was fixed. This characteristic led 
to complaints about the difficulty of concealment with 
both the Small-Carrion and the subsequently designed 
hinged Flexiflate (Surgiteck, Racine, WI) prostheses. 
Semirigid nonmalleable rods are no longer being manu- 
factured and have been replaced by semirigid malleable 
prostheses. 


Semirigid Malleable Rods 


Malleable rods were developed in an attempt to improve 
prosthesis concealment by allowing the penis to be 


TABLE 22.1. Currently available penile prostheses 


Type 

Semirigid malleable 
AMS 600 
Mentor Malleable 
Acuform 


Mechanical 
Dura-Il 
Inflatable 
Standard multicomponent: AMS Ultrex/Ultrex Plus 
Standard multicomponent: Alpha-I 
Resipump: Mark II 
Self-contained: Dynaflex 
Self-contained with separate pump: Ambicor 
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FIGURE 22.1. AMS 600 malleable prosthesis. The wire core (ar- 
row) is located in the middle of the prosthesis and is easily 
demonstrated on pelvic radiographs or CT scans. 


molded into inconspicuous positions when the prosthe- 
sis was not being used. Malleable prostheses consist of an 
outer silicone rod that surrounds a malleable woven or 
braided wire core.!6 It is the presence of the wire core 
that makes the prosthesis bendable (somewhat like coat- 
hanger wire) and gives it “memory” (Fig. 22.1). Semi- 
rigid malleable rods are easily visualized on pelvic radio- 
graphs or CT examinations because their metallic wire 
cores are densely radiopaque. Because the wire cores are 
not ferromagnetic all semirigid malleable prostheses can 
be safely placed in MRI scanners.20-22 

Three models of semirigid malleable prostheses are 
currently available: the AMS 600 (American Medical Sys- 
tems, Minnetonka, MN) (Fig. 22.2); the Mentor Mal- 
leable (Fig. 22.3); and the Mentor Acuform prostheses. 
The AMS 600, first produced in 1983, is composed of a 
tapered silicone rod surrounding a tightly woven stain- 
less steel wire.21 The Mentor prostheses contain either a 
single (Mentor Malleable) or double (Acuform) silver 
wire insert surrounded by an outer silicone shell?! (Men- 
tor Corporation, personal communication, 1995). Al- 


Manufacturera MRI compatibility 
American Medical Systems Yes 
Mentor Corporation Yes 
Mentor Corporation Yes 
Dacomed 2 
American Medical Systems Yes 
Mentor Corporation Yes 
Mentor Corporation Yes 
American Medical Systems Yes 
American Medical Systems Yes 


aAddresses of manufacturers: American Medical Systems, Minnetonka, MN; Mentor Corporation, Goleta, CA; 


Dacomed, Minneapolis, MN. 
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FIGURE 22.2. AMS malleable prosthesis. Radiograph demon- 
strates that a tightly braided wire core (arrows) is easily visual- 
ized in each penile cylinder. Note that a Foley catheter (arrow- 
head) also traverses the urethra. 


though the double-coil insert is more expensive, it is 
thought to provide greater malleability of the prosthesis. 

Malleable prostheses are widely used, generally being 
inserted in patients who do not desire the more exten- 
sive surgery required for the preferred multicomponent 
inflatable prostheses or in whom such surgery might be 
contraindicated. Patient satisfaction rates have been 
high. In one series 85% of patients and 70% of partners 
were satisfied with malleable devices.23 

A variety of complications have been reported with 
malleable prostheses. The devices have occasionally 
been observed to fracture and to erode through the skin 
or into the urethra.22,24,25 In addition, breaking or fray- 
ing of the central wire core has been encountered.26-28 
These problems were much more commonly observed 
with the older models. 

Usually the cause of malleable prosthesis malfunction 
is easily identified after a history is obtained and the pa- 


FIGURE 22.3. Mentor malleable prosthesis. The braided wire 
core, which is easily visualized on the radiograph, is coiled 
around the periphery of each penile cylinder. Fraying or small 
tears in the wire core, which can lead to malfunction, usually 
cannot be visualized on pelvic radiographs. 
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tient is examined. Interestingly, despite the radiopacity 
of the wire cores, pelvic radiography using standard ex- 
posures is not helpful, even in patients in whom mal- 
function is due to wire core fraying or breaking. Areas of 
discontinuity or fraying are usually too tiny to be visual- 
ized.20,28 


Mechanical Prostheses 


Only one type of mechanical prosthesis, the Dura-IT (Da- 
comed, Minneapolis, MN) is currently available (Fig. 
22.4). The Dura-II is a modification of the DuraPhase 
prosthesis, which was first manufactured in 1987 (Da- 
comed, personal communication, 1995). This device 
consists of articulating plastic balls and sockets that are 
attached to one another by a stainless steel central wire 
cable. The prosthesis retains memory when it is bent, 
moving in a fashion similar to a gooseneck lamp.29-31 
Not surprisingly, some patients with these prostheses 
have complained of having an “artificial mechanical sen- 
sation” due to the motion of the articulating surfaces 
during intercourse. The wire cable is radiopaque, mak- 
ing these devices easily detectable on plain radiographs 
and CT scans (Fig. 22.5). 

Mechanical prostheses contain a variety of compo- 
nents, including titanium, a small amount of stainless 
steel, and a cobalt alloy in the cable.32 The metallic com- 
ponents are mildly ferromagnetic. As of 1995, the manu- 
facturer had collected reports of 14 patients with me- 
chanical prostheses who underwent MRI scans on 
magnets of varying strength (Dacomed, personal com- 
munication, 1995). In two instances scans (of the pelvis 
and shoulder) were terminated after 5 minutes owing to 
patient reports of prosthesis “warming” (both instances) 
and prosthesis “pulling” (one instance). One of these pa- 
tients was scanned on a 0.35 tesla magnet. The strength 
of the other magnet was not reported. In the other 12 in- 


FIGURE 22.4. Dural prosthesis. The central cable is not visible 
through the silicone exterior. Note that the prosthesis is flexi- 
ble and can be bent in a 180-degree angle. 
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FIGURE 22.5. Dura-II prosthesis. The central cable is easily visu- 
alized on the radiograph as it traverses the midportion of the 
penile cylinder (arrow). The interlocking plastic segments (ar- 
rowheads) are less well seen. Because this prosthesis has a dis- 
tinctive appearance, it can be easily identified on a pelvic 
radiograph obtained prior to MRI in any patient with an un- 
known type of noninflatable prosthesis. 


stances scans were performed without complication or 
patient complaint. When pelvic MRI scans have been 
successfully performed, however, magnetic field deflec- 
tion caused by the metal components of mechanical 
prostheses has produced artifacts in the pelvis that may 
limit the quality of a pelvic MRI examination. 

Based on these experiences, the manufacturer recom- 
mended that the ordering physician and the radiologist 
weigh a variety of factors when determining whether a 
patient with this prosthesis should undergo an MRI 
study, including the age of the prosthesis (as prostheses 
that have been inserted more than 6 weeks, are more 
likely to be securely in place due to the presence of a sur- 
rounding fibrotic reaction), the strength of the magnet 
being used (stronger magnets obviously being more of a 
contraindication), and the part of the body being stud- 
ied (with evaluation of the pelvis being least successful 
owing to the previously described artifacts!6 (Dacomed, 
personal communication, 1995). 

Reported causes of mechanical prosthesis malfunction 
have primarily consisted of central cable breakage. Al- 
though the broken cable is potentially visible on pelvic 
radiographs, this complication can be clinically sus- 
pected. | 

A second type of mechanical prosthesis, the Omni- 
Phase (Dacomed) has been discontinued. This device 
also consisted of multiple plastic interconnecting seg- 
ments, but in the unactivated state segments were not as 
closely opposed by the central wire cable. This prosthesis 
was activated into an erect position by an abrupt flicking 
motion which tightened the cable and thereby the inter- 
connecting segments. The OmniPhase never became 
widely popular. There were frequent problems with ca- 
ble malfunction, including inadvertent/undesired deac- 
tivation during intercourse, cable fraying, and even 
breakage.21,29 Some patients also had problems with the 
cylinders being out of phase (one being activated while 
the other was deactivated). 


Inflatable Prostheses 


There are currently four types of inflatable penile pros- 
thesis: (1) standard multicomponent systems (which re- 
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main most popular); (2) resipump prostheses; (3) self- 
contained devices; and (4) self-contained systems that 
make use of a separate pump mechanism. All inflatable 
prostheses can exist in erect (inflated) and flaccid (de- 
flated) states, which minimizes the problem of conceal- 
ment seen with other implants. These implants create 
an artificial erection by transferring fluid (isotonic 
saline or dilute radiographic contrast medium) from a 
reservoir that is separate from or within a portion of the 
corporal cylinders into a confined space within the pe- 
nile cylinders. All inflatable penile prostheses are MRI- 
compatible. 


Standard Multicomponent Inflatable Penile Prostheses 


The first version of the inflatable prosthesis was de- 
scribed in 1973.33 The current revised models of this 
prosthesis (now termed the standard multicomponent 
inflatable prosthesis) are the most popular penile im- 
plants. Each standard multicomponent inflatable penile 
prosthesis consists of four components. Two inflatable 
silicone corporal cylinders of varying length (compo- 
nents l and 2) are connected by tubing to a pump (com- 
ponent 3) with a 5 ml fluid capacity that is surgically in- 
serted into the scrotum. Additional tubing connects the 
pump with a 65 or 100 ml fluid capacity reservoir (com- 
ponent 4) that is generally implanted in the lower ab- 
domen, just deep to the rectus abdominis muscle (Figs. 
22.6—22.8). All cylinders become firm and widen when 
inflated, although some of the newest penile cylinders 
(i.e, AMS Ultrex, manufactured by American Medical 
Systems) are designed so they also lengthen when they 
are filled with fluid. 

Early on, inflatable prosthesis malfunctions were fre- 
quently encountered. Nickas et al. reported a 4-year sur- 
vival rate of 46% for the initial models.34 Common 
causes of prosthesis malfunction included fluid leaks 
(34%), pump retraction (6%), kinked tubing (4%), ero- 
sion (3%), and aneurysmal dilatation of the corporal 
cylinders (2%). Reviews have demonstrated considerably 
improved performance of the newer models. In the 
same series cited above, Nickas and colleagues noted 
that 4-year survival of the American Medical Systems 
(AMS) 700 inflatable prosthesis, designed with con- 
trolled expansion cylinders, improved to 85%.34 Over 
this 4-year period, fluid leak and component erosion was 
observed once each in the 27 patients who received this 
device. In a review of 180 patients with all types of inflat- 
able prostheses, Randrup noted a complication rate of 
17.8%.35 In this study the most common complications 
were prosthesis malfunction (7%) and infection (5%). 
The time between prosthesis insertion and malfunction 
ranged between 6 and 35 months. In yet another series 
of 333 patients who received Mentor Alpha I inflatable 
prostheses and were followed for a mean 15.4 months, 
Randrup and colleagues encountered prosthesis mal- 
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FIGURE 22.6. Pelvic radiograph of a patient with a functioning 
standard multicomponent inflatable penile prosthesis. Dilute 
contrast material was used as the hydraulic fluid. Both penile 
cylinders (arrows), the pump (arrowhead), and the reservoir 
(R) are easily visualized (as is the intervening connecting tub- 


ing). 


functions in only nine (2.7%), all of which were due to 
leaks.36 Several other complications were encountered, 
including hematomas (eight patients) and infections 
(four patients). Prosthesis erosion developed in only one 
patient. 

Currently, two manufacturers produce standard multi- 
component prostheses: American Medical Systems (AMS 
700 series, including Ultrex and Ultrex Plus devices) and 
the Mentor Corporation (Alpha-I prosthesis). Patient 
satisfaction rates with these prostheses are high, as they 
accurately simulate erect and flaccid states. In one series, 
98% of patients and 96% of partners were satisfied with 
these devices.37 Standard multicomponent prostheses 
are easily identified on imaging studies, because they are 
the only penile implants that make use of a fluid reser- 
voir in the abdomen. 

Evaluation of a malfunctioning standard multicompo- 
nent inflatable penile prosthesis begins with a thorough 
history and physical examination. In the past a pelvic ra- 
diograph was also frequently obtained because, in con- 
trast to noninflatable prostheses, radiography played a 
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FIGURE 22.7. Pelvic radiograph of a patient with a functioning 
standard multicomponent inflatable penile prosthesis. Al- 
though the hydraulic fluid in this patient does not contain con- 
trast material (as is often the case with many currently inserted 
inflatable devices), the pump (arrowhead) and the reservoir 
(white arrows) can still be identified. Only the proximal ends 
of the penile cylinders (black arrows) are visualized. 


role in identifying the reason for prosthesis malfunction 
in some patients. Therefore most urologists filled the 
fluid systems of the inflatable prostheses with dilute con- 
trast material in order to facilitate visualization of the 
prosthesis on radiographs (Figs. 22.6, 22.8). As prosthe- 
ses have become more reliable, an increasing number of 
systems are not opacified with contrast agents (Fig. 
22.7). For example, AMS Ultrex Plus prostheses are pre- 
filled with saline. It is important not to misdiagnose a 
properly positioned functioning saline-containing pros- 
thesis reservoir as an abnormal fluid collection in pa- 
tients with standard multicomponent penile prostheses 
who have abdominal or pelvic CT scans. 

When performed, radiologic examination of a mal- 
functioning standard multicomponent inflatable pros- 
thesis usually consists in a single oblique pelvic radio- 
graph obtained after an attempt is made to inflate the 
prosthesis. If it is not diagnostic, an anteroposterior 
radiograph or an oblique view obtained after deflation is 
attempted can be obtained. 

Most mechanical problems seen with standard multi- 
component prostheses are associated with inadequate in- 
flation.20 The most commonly encountered complica- 
tions continue to be fluid leaks, cylinder aneurysms or 
buckling, and pump malfunctions. Other relatively fre- 
quent complications not specifically related to mechani- 
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FIGURE 22.8. CT scans of a patient with a standard multicompo- 
nent inflatable penile prosthesis. The fluid within the system 
has been opacified with dilute contrast material. (A) CT image 
obtained through the lower pelvis shows an inflated reservoir 
(R) in the anterior pelvis deep to the left rectus abdominis 
muscle. (B) Scan obtained through the lower pelvis reveals a 


cal failure have included infections, hematomas, and 
component migrations or erosions. 


Leaks 


Fluid leaks remain the most frequently reported cause 
for inflatable prosthesis malfunction. In the past, leakage 
was most frequently from the cylinders and was believed 
to result from wear and tear due to friction with adjacent 
connecting tubing.20 This problem was addressed by 
adding Teflon shielding to the cylinders to prevent abra- 
sive silicone-to-silicone contact. With the newer cylin- 
ders, leakage is now most frequently seen from the tub- 
ing.38 In some instances the site of fluid leakage cannot 
be identified. Rarely, a leak is iatrogenically produced. 
One instance of inadvertent puncture of a reservoir dur- 
ing pelvic surgery has been reported.39 

A pelvic radiograph in a patient with a fluid leak may 
demonstrate a reduced amount of saline or dilute con- 
trast material in the reservoir, as well as collapsed or un- 
derinflated corporal cylinders (Fig. 22.9) .16,20 In the past 
it was recommended that if the leaking component of an 
inflatable prosthesis could be identified it could be se- 
lectively removed and replaced; however, many urolo- 
gists currently elect not to search for the defective com- 
ponent and to replace the entire prosthesis, particularly 
if the malfunctioning prosthesis is not a current model. 


Erosions 


Erosion of a component of an inflatable penile prosthe- 
sis into adjacent tissues or through overlying skin is now 
the second most frequently encountered problem. Many 
erosions result from or are associated with infections, 
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B 


small amount of contrast material within the deflated penile 
cylinders (C). The linear high attenuation areas in the right 
hemiscrotum (arrow) represent visualized portions of three dif- 
ferent connecting tubes as they course toward the pump (one 
from each penile cylinder and one from the reservoir). 


but this is not always the case.20 Most patients develop 
erosions due to the weakness of surrounding tissues or to 
incorrect sizing of the prosthesis (which leads to in- 
creased pressure on surrounding tissues). 

Pump and cylinder erosions are usually identified on 
inspection, and radiographic studies only rarely provide 
additional information (Fig. 22.10). Conversely, reser- 
voir erosions may be difficult to diagnose clinically, and 
presenting symptoms (e.g., pelvic pain, urinary tract in- 
fections, bowel obstruction, or sepsis) may be nonspe- 


FIGURE 22.9. Inflatable penile prosthesis malfunctioning be- 
cause of leak. The hydraulic fluid in this prosthesis was origi- 
nally opacified using dilute contrast material. On the current 
pelvic radiograph, however, only a small amount of fluid re- 
mains in the penile cylinders. The reservoir is completely 
empty and cannot be visualized. The entire prosthesis was re- 
placed in this patient. 
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FIGURE 22.10. Inflatable penile prosthesis malfunctioning be- 
cause of erosion. The pelvic radiograph of this patient with an 
inflatable penile prosthesis demonstrates that the left penile 
cylinder (straight arrows) is no longer located in the left cor- 
pus cavernosum. Instead, it has migrated into the left hemi- 
scrotum where it is buckled on itself. The right corporal cylin- 
der (curved arrow), pump (arrowhead), reservoir (R), and 
connecting tubing are all located in normal positions. 


cific. Often the reservoir continues to function nor- 
mally. The reservoir most frequently erodes into the 
bladder40-42 but has also been found inside ileal con- 
duits,43 the sigmoid colon,‘! and the peritoneal cavity.44 
Interestingly, in a review of 14 reported reservoir ero- 
sions, Singh and Goode noted that 10 patients had had 
previous abdominal or pelvic surgery and that there was 
frequently no evidence of an infection.45 Pelvic radio- 
graphs in patients with eroded reservoirs may demon- 
strate subtle changes in the position of the reservoir 
(which should not be mobile). CT is more accurate in lo- 
calizing the eroded reservoir. In many previously re- 
ported cases, however, the erosion was not identified un- 
til exploratory surgery was performed.40-44 

When any component erodes as a result of an infec- 
tion, the entire prosthesis is usually removed. If, on the 
other hand, there is no associated infection, eroded 
pumps and reservoirs can be replaced. This procedure is 
carried out with some trepidation owing to almost cer- 
tain colonization of the erosion site; but with profuse 
irrigation such conservative management can be success- 
ful.46 Erosion of uninfected cylinders still usually re- 
quires prosthesis removal. 


Pump Malfunction and Migration 


A pump malfunction should be suspected in any patient 
with a malfunctioning prosthesis in whom the pump 
does not appear to be responding and who has a normal 
physical examination and normal pelvic radiograph. 
Pump migration is usually detected on physical examina- 
tion. Rarely, a pelvic radiograph is helpful for locating a 
displaced, nonpalpable pump. !6 


Richard H. Cohan and Dana A. Ohl 


Cylinder Dilatation and Buckling 


Aneurysms of the corporal cylinders are usually a rela- 
tively late complication.4” There has been some contro- 
versy as to whether the dilatation results from weakness 
of the surrounding tunica albuginea that develops after 
multiple uses or from an inherent structural weakness in 
the cylinders themselves. Cylinder weakness is probably 
the largest component, as this complication has been en- 
countered less frequently with the advent of the current 
generation of reinforced or controlled expansion cylin- 
ders.48 

The history and physical examination often are suffi- 
cient for making the appropriate diagnosis. Pelvic radio- 
graphy, however, is always diagnostic. The radiographs 
demonstrate abnormally contoured, distended penile 
cylinders and underfilled reservoirs (the latter being 
collapsed owing to the abnormally increased fluid capac- 
ity of the dilated cylinders) (Fig. 22.11). Buckling of the 
corporal cylinders may occur at the time of surgical in- 
sertion or may develop as a late complication. 

Aneurysmally dilated cylinders are always removed 
and are usually replaced with controlled expansion cylin- 
ders. Aneurysms have not been encountered with these 
specially reinforced components.48 


FIGURE 22.11. Inflatable penile prosthesis malfunctioning be- 
cause of aneurysmal dilation of the penile cylinders. Pelvic ra- 
diograph shows marked enlargement of both penile cylinders. 
The increased fluid capacity of the cylinders often results in 
underfilling of the reservoir with the contrast medium- 
enhanced fluid even though the cylinders are deflated. The 
aneurysms developed 4.5 years after the prosthesis was in- 
serted. 
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Kinking and Separation of Connecting Tubing 


Kinking of the connecting tubing is now rare, primarily 
due to the current use of kinkproof tubing in all and 
preconnected tubing in many of the newest models.29,49 
When it does occur, kinking usually develops within the 
first few months of surgery. The kink can obstruct fluid 
flow either from the cylinders to the pump or from the 
pump to the reservoir, thereby preventing activation/in- 
flation of the prosthesis. Occasionally, the connecting 
tubing separates from the pump or reservoir, resulting in 
leakage of fluid and prosthesis malfunction. These com- 
plications may not be suspected clinically and are often 
difficult to diagnose on physical examination. Pelvic ra- 
diographs, on the other hand, frequently demonstrate 
the area of kinking or tubing separation (Fig. 22.12). 


Miscellaneous Complications 


A variety of additional complications have been re- 
ported, including chronic pain, spontaneous prosthesis 
inflation (usually due to formation of scar tissue around 
the reservoir), penile deformity (resulting from inade- 
quate sizing), cylinder rupture, and migration of a rear- 
tip extender (used to lengthen the penile cylinders in 
some instances) 20,3550 Although the etiology of a chron- 
ically painful prosthesis may not be determined, Parsons 
and associates found that 13 of 14 painful prostheses 


were subclinically infected with Staphylococcus epidermidis 
at the time of prosthesis removal (in contrast to none of 


five prostheses removed for mechanical malfunction) .5° 
In this series, use of aggressive antibiotic therapy at the 


time of prosthesis replacement resulted in resolution of 


pain in these patients. Penile deformity, spontaneous 
prosthesis inflation, and cylinder rupture are usually 
clinically evident and require prosthesis replacement. 


FIGURE 22.12. Inflatable penile prosthesis malfunctioning be- 
cause of a kink. An abrupt kink (arrow) is noted in the con- 
necting tubing on this pelvic radiograph of a patient with a 
malfunctioning older-model inflatable prosthesis. Kinked con- 
necting tubing is now rarely a problem. 
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Rear-tip extender migration is easily seen on a pelvic ra- 
diograph (Fig. 22.13) and can be corrected with surgery. 


Other Inflatable Prostheses 


Resipump prostheses are multicomponent prostheses in 
which the reservoir has been eliminated. Instead, the hy- 
draulic pump is expanded and serves as both a pump 
and a 20 ml reservoir (Fig. 22.14). This resipump is then 
connected to each of the penile cylinders. Resipump 
prostheses offer the advantage of easier insertion than 
standard multicomponent inflatable prostheses. They 
have two disadvantages: first, a smaller amount of fluid is 
transferred to the corporal cylinders so the mechanical 
erection is not as great as that achieved with standard 
multicomponent prostheses. Second, patients may not 
like the sensation of having the large resipump im- 
planted in the scrotum. 

Nevertheless, patient satisfaction rates with the resi- 
pump prosthesis appear good. In Fein’s 4-year review of 
127 patients followed for a mean 31.7 months, more 
than 90% of patients and their partners were satisfied 
with the function of the only currently available resi- 
pump prosthesis, the Mentor GFS Mark II.5! Only one 
mechanical malfunction was reported (unraveling of the 
kinkproof tubing resulting in a leak). Five patients ini- 
tially experienced problems with pump migration that 


FIGURE 22.13. Inflatable penile prosthesis malfunctioning be- 
cause of slippage of a rear-tip extender. The right rear tip ex- 
tender (e) has migrated away (arrow) from the proximal end 
of the right penile cylinder. The left rear tip extender (e) re- 
mains in normal position. 
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FIGURE 22.14. Radiograph of a resipump prosthesis. This Uni- 
flate prosthesis (Surgitek) is an early, now discontinued type of 
resipump prosthesis. All resipump prostheses are comparable 
in appearance. The penile cylinders have an appearance simi- 
lar to those used in standard multicomponent inflatable pros- 
theses, although they have a lower fluid capacity. The scrotal 
pump (arrow) has been enlarged so it can store all of the fluid 
when the prosthesis is deflated. The separate reservoir has 
been eliminated. 


required surgical repositioning. The latter problem led 
to modification of the surgical technique. Two other pa- 
tients kept their prostheses in the inflated state and ulti- 
mately formed scar tissue around the resipump, prevent- 
ing deflation. 

It is expected that many of the mechanical complica- 
tions seen with standard inflatable prostheses can also be 
encountered with the resipump prostheses. They in- 
clude leakage from connecting tubing, erosions, and 
cylinder aneurysms. As with the standard inflatable de- 
vices, it is anticipated that in some instances plain pelvic 
radiographs may be helpful for identifying the cause of a 
malfunction; however, because all components are easily 
accessible by physical examination, presumably the 
radiographic evaluation of malfunctioning prostheses 
will rarely be needed. 

Self-contained inflatable prostheses are the simplest inflat- 
able prostheses to insert, as they consist of only two cylin- 
ders. Like the other inflatable implants, they exist in 
both erect and flaccid states. Erection or inflation is 
achieved by transferring fluid from a more capacious 
reservoir (in the proximal portion of the cylinder) into a 
more restricted space (in the distal portion of the cylin- 
der). As the fluid enters this more limited space, the 
cylinder hardens. The pump is located in the cylinders. 
Activation of the pump requires good manual dexterity. 
Deactivation of the pump is performed simply by bend- 
ing the rigid cylinder at a 90-degree angle. One manu- 
facturer currently markets a self-contained inflatable de- 
vice: American Medical Systems (Dynaflex) (Fig. 22.15). 


Richard H. Cohan and Dana A. Ohl 


FIGURE 22.15. AMS Dynaflex prostheses. When the prosthesis is 
activated, fluid is transferred from the rear reservoir (arrow) to 
the anterior reservoir (arrowhead) by pumping on the poste- 
rior portion of the prosthesis. Deflation is performed merely 
by bending the prosthesis for approximately 10 seconds. 


Self-contained inflatable prostheses do not provide the 
same quality of erection (owing to limitations in the 
amount of fluid that can be transferred) as do the stan- 
dard multicomponent prostheses. These prostheses are 
only faintly radiopaque and are MRI-compatible. Me- 
chanical malfunctions due to leakage or cylinder frac- 
ture have been reported with the older models.52.53 

American Medical Systems has released a prosthesis 
(Ambicor) in which the cylinders still contain the reser- 
voir (as is the case with the Dynaflex prosthesis) but 
where the pump is a separate device not attached to the 
corporal cylinders. The pump (which is not nearly as 
large as that used in patients with resipump prostheses 
and whose size is similar to that of those used in standard 
multicomponent inflatable implants) is surgically im- 


FIGURE 22.16. AMS Ambicor prosthesis: The Ambicor prosthe- 
sis is similar to the Dynaflex prosthesis, but the pump here is 
separate from the penile cylinders (as is the case with the mul- 
ticomponent inflatable devices). 
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planted in the scrotum in a manner similar to that used 
for pumps in patients with standard multicomponent 
prostheses (Fig. 22.16). 


New Developments 


Several animal studies have established that surgically in- 
serted venous compression devices can maintain an erec- 
tion by reducing or eliminating venous return from the 
penis.12 These implants apparently function in a fashion 
similar to the bands used in vacuum constriction devices, 
although they obviate the need for extensive precoital 
manipulation. It remains to be seen whether insertion of 
these devices in humans is similarly successful and if they 
can produce stable long-term erectile function. 


Conclusions 


Penile prostheses are considered by many to be the best 
treatment alternative for many patients with impotence. 
They are often inserted when other treatment modalities 
have failed. Continuing improvements in their design 
have dramatically reduced the number of malfunctions 
being encountered, but malfunctions can still be ex- 
pected in up to 15% of patients with newer model pros- 
theses. The imager should be aware of the radiographic 
appearances of the commonly used prostheses and be fa- 
miliar with the causes of malfunction (and their radio- 
graphic manifestations) in patients with inflatable pros- 
theses, in the event that he or she is called on to evaluate 
a patient whose prosthesis is not working properly. 
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Ultrasonography for Evaluation of Impotence 


Sansern Borirakchanyavat and Tom F. Lue 


Erectile dysfunction is defined as the inability to achieve 
or maintain adequate penile erection (or both) for satis- 
factory intercourse.! In the United States it is estimated 
that approximately 10 million to 18 million men suffer 
from erectile dysfunction.? Penile erection is a complex 
phenomenon involving precisely timed neurologic and 
vascular responses. Although in the past erectile dysfunc- 
tion has been attributed to psychogenic causes or ex- 
plained as a normal part of the aging process, we now 
know that an organic etiology can be found to explain 
most cases of impotence. Organic impotence can be due 
to a variety of causative factors including vascular, neuro- 
genic, endocrinologic, and anatomic abnormalities. Vas- 
culogenic impotence is likely the most common cause of 
organic impotence.3-6 

Ultrasonography has traditionally been one of the ear- 
liest techniques used to evaluate vasculogenic impo- 
tence, and refinement of the technique has made it one 
of the most versatile for evaluating the impotent man. 
The purpose of this chapter 1s to review the history and 
current state of ultrasonography in the evaluation of 
erectile dysfunction. 


Anatomy and Physiology 
of Penile Erection 


The anatomy of the penis is well described.3.7 The penis 
is composed of the paired corpora cavernosum, glans 
penis, and corpus spongiosum. The penile erectile bod- 
ies are composed of primarily vascular sinusoidal tissue 
surrounded by a relatively nondistensible fibrous 
sheath, the tunica albuginea. Vascular communications 
between the two corpora are present in the intercorpo- 
ral septum. The vascular sinusoids are composed of 
endothelium-lined sinuses surrounded by an abundant 
smooth muscle and collagen matrix. Autonomic nerves, 
which release neurotransmitters responsible for produc- 


ing an erection, are sparsely distributed throughout the 
connective tissue matrix to innervate the cavernous 
smooth muscle and blood vessels. 

The penis can be thought of as a specialized vascular 
structure, so basic knowledge of the vascular anatomy of 
the penis is essential to understanding erection physiol- 
ogy (Fig. 23.1A). In the perineum the internal pudendal 
artery divides into the perineal branch and the penile 
artery. The perineal branch supplies the perineal skin 
and scrotum. The arterial supply of the penis arises from 
the paired penile arteries. Although there is consider- 
able variability in the branching of the penile artery, we 
briefly describe the classic divisions of the penile artery.8 
The paired penile arteries each divide into three termi- 
nal vessels supplying the penis. The first branch, called 
the bulbourethral artery, supplies the corpus spongio- 
sum and urethra. The dorsal artery of the penis supplies 
most of the penile skin and the glans penis. The cav- 
ernous artery enters the corpus cavernosum at the 
hilum and supplies the main blood flow to the erectile 
bodies. The cavernous artery courses through the center 
of the corpus cavernosum and gives rise to multiple tor- 
tuous helicine arteries, which drain directly into the vas- 
cular sinusoids. In some cases the corpus cavernosum re- 
ceives additional blood supply from distal perforating 
branches of the dorsal artery.9 Breza and associates 
noted a high incidence of variation in penile arterial 
anatomy on cadaveric dissection. In many cases an acces- 
sory internal pudendal artery is present that provides ad- 
ditional blood supply to the corpora cavernosum.8,10 

The venous drainage of the penis is rather complex 
and variable but is generally composed of four subdivi- 
sions (Fig. 23.1B). The vascular sinusoids of the distal 
corporal bodies are drained via multiple subtunical 
venular plexuses that join to form emissary veins. The 
emissary veins of the distal half of the corpora cavernosa 
and the glans penis drain primarily into the deep dorsal 
vein of the penis, which subsequently drains into the 
periprostatic venous plexus. The skin of the penis is 
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FIGURE 23.1. Vascular anatomy. (A) Classic arterial supply of 
the penis. (B) Venous drainage of the penis. (From Lue TF. 
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drained primarily by the superficial dorsal vein, which 
drains into the saphenous vein. The proximal penis is 
drained by the cavernous veins, which join the bulbar 
veins to form the internal pudendal vein. As the venous 
drainage is highly variable and complex, multiple com- 
munications may exist between these various systems.4;7.8 

In the flaccid state, the smooth muscle of the vascular 
sinusoids are tonically contracted, and baseline penile 
blood flow is sufficient only to allow nutritional support 
to erectile bodies (1.4-4.0 m1/100 g tissue).3 When an 
appropriate stimulus elicits an erection, neurotransmit- 
ters are released by autonomic nerves, which produce re- 
laxation of the sinusoidal smooth muscle and decrease 
the peripheral resistance of the penis. This in turn in- 
creases blood flow in the cavernous arteries. The resul- 
tant vascular engorgement of the sinusoids against the 
tunica albuginea mechanically compresses the subtuni- 
cal and emissary veins, resulting in decreased venous 
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outflow from the corporal bodies, and thus maintains 
the erection. With a normal erection, intracorporal pres- 
sure reaches approximately the same level as the mean 
systolic blood pressure. Further engorgement of the 
glans and the increase in intracorporal pressure occurs 
with voluntary and reflex contraction of the bulbospon- 
giosus muscle, which compresses the corpus spongiosum 
and further decreases venous outflow.4.7 

Vasculogenic impotence can be roughly categorized 
into two forms. Arteriogenic impotence is defined as the 
inability to produce penile erection due to insufficient 
penile arterial inflow. Arteriogenic impotence can be 
due to proximal or distal arterial lesions. Aortoiliac oc- 
clusive disease, traumatic disruption of the penile artery, 
and small vessel arterial disease have been established to 
cause erectile dysfunction. Conversely, venogenic impo- 
tence (venous leak, venoocclusive dysfunction, caver- 
nosal impotence) is defined as the inability to trap blood 
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within the corpora cavernosa to achieve an adequate 
erection. Venoocclusive dysfunction can be divided into 
several subtypes: (1) ectopic veins; (2) abnormalities of 
the tunica albuginea (e.g., Peyronie’s disease); (3) ab- 
normalities of the cavernous smooth muscle leading to 
inadequate relaxation (fibrosis following priapism, 
aging); (4) inadequate neurotransmitter release; and 
(5) abnormal communications between the corpus caver- 
nosum and spongiosum and glans penis (i.e., traumatic 
fistula, persistent shunting after priapism surgery) .!1 


Background 


The association between vascular disease and impotence 
has been recognized since 1923, when Leriche described 
impotence as one of the manifestations of aortoiliac oc- 
clusive disease.!2 Until recently, however, organic impo- 
tence in general was thought to account for only a few 
cases. It was not until 1970 that Karacan and associates 
showed, by nocturnal penile tumescence studies, that 
more than 50% of cases of impotence have an organic 
etiology.!3 Organic impotence can be due to a primary 
anatomic, neurogenic, endocrinologic, or vascular etiol- 
ogy. Among these causes, it is now recognized that vascu- 
logenic impotence constitutes one of the most common 
causes of organic impotence. 


History and Physical Examination 


Ultrasonography, like all diagnostic tests, must be used 
selectively for the evaluation of impotence. Although 
the comprehensive evaluation of impotence is beyond 
the scope of this chapter, it is important to realize that 
impotence is occasionally the initial presentation of a se- 
rious medical condition.!4,15 Evaluation of the impotent 
male should therefore always begin with a thorough his- 
tory and physical examination. The history should in- 
clude the duration of impotence, an assessment of li- 
bido, and a complete inventory of sexual partners. 
Chronic medical conditions and many common medica- 
tions also contribute to the development of impotence. 
A history of radical pelvic surgery (e.g., radical prostate- 
ctomy, abdominoperineal resection) and trauma is com- 
monly associated with impotence and is often helpful 
for directing further evaluation.!6.17 Physical exam- 
ination, on the other hand, may reveal an obvious 
anatomic problem, such as a micropenis or Peyronie’s 
disease, which could hinder sexual performance. The 
finding of small atrophic testes may indicate underlying 
hypogonadism. Because the incidence of endocrinopa- 
thy in the impotent population has been reported to be 
1.7—35.0%,18 we recommend a screening evaluation for 
underlying endocrinopathy with serum testosterone 
and prolactin. 
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Indications for Ultrasonography 


The chief indication for ultrasonography in impotent men 
is to evaluate vasculogenic impotence. Even after a com- 
plete history and physical examination, it is often difficult 
to differentiate between neurogenic, psychogenic, and vas- 
culogenic impotence. Therefore a simple pharmacologic 
screening test has been developed to detect the presence 
of vasculogenic impotence.!9 The test allows the clinician 
to bypass neurogenic and psychogenic influences and eval- 
uate the vascular integrity of the penis directly. 

The test consists of an intracavernosal injection (ICI) 
of a vasodilating agent, such as papaverine or prosta- 
glandin E, (PGE)), into the corpora cavernosa. The pa- 
tient is then asked to massage the injection site and man- 
ually stimulate the genitalia. This test is known as the 
combined injection and stimulation (CIS) test. The erec- 
tile response is periodically monitored and subjectively 
graded. Because adequate arterial inflow and an intact 
venoocclusive mechanism are both required to produce 
a normal erection, a normal erectile response to the in- 
jection rules out the possibility of venous leakage. Ap- 
proximately 20% of patients with arterial insufficiency 
achieve rigid erection during the CIS test owing to an in- 
tact venoocclusive mechanism.20 When the response to 
ICI or CIS is inadequate, psychogenic inhibition or vas- 
cular insufficiency is the most likely diagnosis. Combin- 
ing CIS and duplex ultrasonography is currently the best 
screening test for vasculogenic impotence and is indi- 
cated in patients who wish to know if vascular insuffi- 
ciency is the cause of their impotence and those who are 
interested in arterial or venous surgery. 


Sonographic Techniques for 
Evaluation of Impotence 


Measurement of Penile Blood Pressure: 
Penile Brachial Index 


Early efforts to evaluate penile arterial blood flow fo- 
cused on the measurement of penile blood pressure. In 
1971 Gaskell used a spectroscopic method to indirectly 
measure penile blood pressure.2! A strong light beam 
was used to detect the presence of oxyhemoglobin in the 
glans penis while arterial blood flow was obstructed by a 
blood pressure cuff placed around the base of the penis. 
This method tended to measure blood pressure in the 
dorsal artery of the penis, which is the primary blood 
supply to the glans, rather than the cavernous arteries. 
In contrast, Britt and associates used mercury strain 
gauge plethysmography to measure penile blood flow 
distal to the cuff.22 They concluded that normal penile 
systolic blood pressure was no more than 20 mmHg be- 
low the brachial systolic pressure. 
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A breakthrough technique was developed by Abelson 
in 1975 that involved the use of a continuous-wave 
Doppler stethoscope to measure penile blood pres- 
sure.23 Again, a pediatric or digital blood pressure cuff 
was placed at the base of the flaccid penis, and a Doppler 
stethoscope was used to detect the presence of pulsatile 
arterial flow. This modification had several advantages 
over the previous methods. First, the Doppler transducer 
was simpler to use, and its result was more easily repro- 
ducible than the previously described indirect tech- 
niques of measuring blood flow. Second, it was now pos- 
sible to study the right and left sides of the penile 
circulation separately and localize the site of pathology 
more precisely. Abelson concluded that normal penile 
systolic blood pressure was no more than 30 mmHg be- 
low the brachial systolic blood pressure.23 A penile 
brachial index (PBI) was subsequently defined as the pe- 
nile systolic blood pressure divided by the brachial sys- 
tolic blood pressure. A PBI of 0.7 or less was used to indi- 
cate penile arterial insufficiency.24 

Although penile blood pressure measurement quickly 
gained initial popularity as a screening test for arterio- 
genic impotence, limitations to this technique soon be- 
came obvious. Errors in measurement of blood pressure 
could be produced by an improperly fitting blood pres- 
sure cuff. Because the cuff is applied to the base of the 
penis, the Doppler probe must be applied to the distal 
shaft of the penis where the main cavernous arteries 
have likely branched into smaller vessels. Because an ab- 
normality in a single vessel may result in arteriogenic im- 
potence, application of this technique has not proved 
sensitive enough to detect these isolated lesions. Fur- 
thermore, as the study was performed on the flaccid pe- 
nis, the PBI is not able to evaluate the full functional ca- 
pacity of the cavernous arteries in the erect state. Lastly, 
the continuous-wave Doppler stethoscope used for PBI 
measurements detects all pulsatile flow within its path- 
way and does not discriminately select the flow of the 
paired cavernous arteries, which are primarily responsi- 
ble for producing penile erection. In the flaccid penis 
the Doppler stethoscope often preferentially detects the 
higher flow of the superficially located dorsal artery of 
the penis. It is likely that much of the data regarding PBI 
was based on detection of blood flow in the dorsal artery. 
In the clinical setting, this error leads to the finding of a 
normal PBI in a patient with true arteriogenic impo- 
tence. Therefore although an abnormal PBI may cor- 
rectly lead the clinician to suspect an arteriogenic cause 
of impotence, a normal PBI cannot be relied on to ex- 
clude arteriogenic impotence. Indeed, attempts to cor- 
relate the PBI with more established techniques of evalu- 
ating penile arterial flow have been disappointing. 
Comparing several techniques of penile arterial evalua- 
tion, Mueller and associates found only a 39% correla- 
tion between the PBI and pudendal arteriography.25 It 
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has been suggested that frequent variations in penile ar- 
terial anatomy may also contribute to the inaccurate PBI 
results.26 


Cavernous Artery Systolic Occlusion Pressure 


A variation of the penile blood pressure determination 
was introduced by Padma-Nathan in 1989.27 Performed 
during dynamic infusion cavernosometry, the study in- 
volves infusing saline solution.into the corpora at a rate 
sufficient to raise the intracavernous pressure above the 
systolic blood pressure. A pencil Doppler transducer is 
then applied to the lateral aspect of the base of the pe- 
nis. The saline infusion is stopped, and the intracav- 
ernous pressure is allowed to fall progressively. The pres- 
sure at which the cavernous arterial flow becomes 
detectable is defined as the cavernous artery systolic oc- 
clusion pressure (CASOP). 

This technique offers several advantages over the tradi- 
tional PBI measurement. First, because a blood pressure 
cuff is not required, the Doppler probe can be directly 
applied to the base of the penis where the cavernous ar- 
teries are less likely to have branched. Second, continu- 
ous monitoring of the intracavernous pressure appears 
to be a more accurate way to determine the systolic arte- 
rial pressure of the cavernous arteries than using an ex- 
ternally applied blood pressure cuff. Lastly, unlike the 
PBI, which is performed on the flaccid penis, cavernous 
arterial systolic occlusion pressure, performed following 
intracavernosal injection of a vasodilating agent, allows 
assessment of the functional capacity of the cavernous 
arteries in the erect state. 

The cavernous arterial systolic occlusion pressure has 
been shown to correlate well with peak systolic velocity 
determination obtained by high resolution duplex 
Doppler ultrasonography.?8 Despite these advantages, 
dynamic infusion cavernosometry is nonetheless a more 
invasive procedure and more prone to psychological in- 
hibition. Moreover, it is not feasible if the intracavernous 
pressure cannot be raised above the systolic blood pres- 
sure, such as in patients with severe venous leakage. 


Duplex Ultrasonography/ 
Color Doppler Ultrasonography 


The limitations of continuous-wave Doppler sonography 
to accurately delineate penile arteriogenic impotence 
soon became obvious. Penile brachial index and penile 
pulse determinations were not sufficiently sensitive to 
detect significant lesions of the cavernous arteries. Al- 
though many investigators considered selective puden- 
dal arteriography to be the gold standard study, its rela- 
tively high cost and morbidity prevented widespread 
clinical application. A new method of evaluating vasculo- 
genic impotence was therefore clearly needed. 


23. Ultrasonography for Evaluation of Impotence 


In 1985 Lue and associates introduced high resolution 
sonography and pulsed Doppler blood flow analysis (du- 
plex ultrasonography) with intracavernous injection of 
papaverine as a means of evaluating penile arterial insuf- 
ficiency.29 The duplex ultrasound probe is composed of 
two piezoelectric transducers that allow simultaneous 
high resolution imaging of the individual cavernous ar- 
teries in real time at a frequency of 10 MHz.26,29 

Duplex sonography provided clear advantages over 
existing techniques. In contrast to pudendal arteriogra- 
phy, duplex sonography is noninvasive and could be per- 
formed in the office setting with minimal morbidity. 
Second, the high resolution duplex ultrasound probe al- 
lows the ultrasonographer to selectively image the indi- 
vidual cavernous arteries and simultaneously perform 
Doppler blood flow analysis within these vessels. The 
color Doppler device provides an additional advantage 
of easier assessment of arterial and venous anatomy and 
flow velocity. 

The study is performed by first obtaining a baseline 
study of the flaccid penis. High resolution ultrasonogra- 
phy is used to image the corporal bodies, corpus spon- 
giosum, and tunica albuginea. The cavernous bodies 
should have a homogeneous, uniform echogenicity. The 
finding of echo-dense areas or calcification within the 
corporal bodies may represent a Peyronie’s plaque, in- 
trinsic sinusoidal disease, or fibrosis secondary to pro- 
longed ischemia30 (Figs. 23.2, 23.3). At the base of the 
penis, the cavernous arteries are usually identified near 
the septum. The arterial diameter of the flaccid penis 
and the presence of any calcifications within the vessel 
wall should be noted. In some instances, abnormal vas- 
cular communications within the corpora can be de- 
tected by careful ultrasound examination (Fig. 23.4). 


FIGURE 23.2. High resolution ultrasound scan showing a densely 
calcified Peyronie’s plaque on the dorsum of the penis. 
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FIGURE 23.3. Transverse view through the cavernous bodies 
with high resolution duplex ultrasonography showing bilateral 
diffuse fibrosis of the penile vascular sinusoids after a pro- 
longed episode of priapism. Note the hyperechogenic pattern 
within the cavernous bodies. 


An artificial erection is then induced by the intracaver- 
nosal injection of a vasodilating agent such as papaver- 
ine or PGE). In some patients, anxiety or fear of injection 
can lead to a sympathetic response, which inhibits the ar- 
terial response necessary for erection. We therefore en- 
courage all patients undergoing ultrasonographic exam- 
ination to perform manual self-stimulation in a private 
setting. In our experience more than 70% of patients 
who have a poor response to intracavernosal injection 
initially have significant improvement of the erection 
following self-stimulation.3! Repeat sonographic assess- 
ment of the penis is then performed 3—5 minutes after 
the injection. Each main cavernous artery is individually 
assessed. Cavernous arterial diameter and pulsation are 
recorded. The presence of communication between the 
paired cavernous or dorsal to cavernous arteries should 
also be noted. An asymmetric appearance and response 
of the cavernous arteries or the lack of arterial pulsation 
suggest the presence of a significant lesion.32 

Pulsed Doppler analysis of the cavernous arteries pro- 
vides functional quantifiable assessment of the penile ar- 
terial flow during a pharmacologically stimulated erec- 
tion. In this respect, duplex ultrasonography is superior 
to arteriography as a means of evaluating arteriogenic 
impotence. Although arteriography relies on radio- 
graphic criteria to assess penile arterial disease, it pro- 
vides mainly anatomic information rather than func- 
tional information. Arteriography is most useful as a 
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FIGURE 23.4. Color Doppler ultrasonography showing area of turbulent arterial flow (arrow) surrounding the cavernous artery 
consistent with traumatic disruption of the artery. This patient presented with high flow priapism. 


detailed roadmap of the penile arterial system and the 
donor artery (usually the inferior epigastric) in the pa- 
tients who are candidates for penile revascularization 
(Fig. 23.5). Duplex sonography, on the other hand, 
when properly employed, provides the clinician with use- 
ful objective criteria with respect to blood flow velocity 
and arterial vasodilation, which has been demonstrated 
to correlate with arterial health. 


FIGURE 23.5. Selective pudendal arteriography demonstrating 
irregularity of the right common penile artery. Arrow indicates 
the site of arterial disease. (This patient also had complete oc- 
clusion of the left common penile artery resulting in arterio- 
genic impotence.) 


Criteria for Normative Study 


The criteria for a normal duplex sonogram during evalu- 
ation of arteriogenic impotence have been the subject of 
some debate. Lue and associates reported several find- 
ings thought to be indicative of the normal penile arteri- 
al response to pharmacologic vasodilation.29 Pharmaco- 
logic induction of an artificial erection produces 
cavernous smooth muscle relaxation and decreases the 
peripheral vascular resistance of the penis. The decline 
in penile vascular resistance in turn produces an in- 
crease in the penile arterial inflow. This increase in pe- 
nile blood flow then manifests as sonographically de- 
tectable increases in cavernous arterial diameter and 
blood flow velocity (Fig. 23.6). The absence of these ex- 
pected physiologic changes allow the experienced 
sonographer to accurately detect and localize the pres- 
ence of a significant arterial lesion. 


Penile Blood Flow Velocity 


An increase in penile arterial flow is a necessary step for 
producing penile erection. Total blood flow is a function 
of both arterial diameter and blood flow velocity. Not 
surprisingly, then, penile arterial flow velocity has been 
shown to increase significantly during the early phase of 
erection when compared to the flaccid state. By evaluat- 
ing a large number of patients with nonarteriogenic 
causes of impotence (i.e., neurogenic, psychogenic), 
Lue and associates established that the peak systolic ve- 
locity within the cavernous arteries should exceed 25 
cm/s within 5 minutes of intracavernous injection of pa- 
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FIGURE 23.6. Phasic changes in arterial flow 
waveform and diameter in a potent young pa- 
tient following intracavernosal injection of 
PGE,. During rigid tumescence, prominent ar- 
terial pulsations can be observed. (From Lue 
TF. Physiology of erection and pathophysiology 
of impotence. In: Campbell's Urology. Philadel- 
phia, Saunders, 1992:709-728, with permis- 
sion.) 


paverine4.26 (Figs. 23.7, 23.8). These findings have been 
confirmed by other authors using similar sonographic 
techniques.9.33-36 Some have proposed that the summa- 
tion of the peak systolic velocity of the right and left cav- 
ernous arteries together be used as a criteria for deter- 
mining the presence of arteriogenic impotence. Jarow 
and associates suggested that a penile blood flow velocity 
index (defined as the sum of the right and left peak flow 
velocities) of more than 50 cm/s be used to rule out ar- 
teriogenic impotence.9.37 Other researchers suggested 
that 25-30 cm/s is a gray zone, and 30 cm/s should be 
the minimum for normal peak flow velocity.36 


Percent Arterial Vasodilation 


An increase in penile arterial blood flow velocity follow- 
ing intracavernous injection is accompanied by an in- 
crease in cavernous arterial diameter. The finding of ar- 
terial vasodilation is an indication of normal arterial wall 


A 


FIGURE 23.7. Normal arterial response to intracavernosal injec- 
tion. (A) High resolution duplex sonography showing a nor- 
mal response to intracavernosal PGE). Waveforms demonstrate 
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compliance. Despite finding a normal peak systolic ve- 
locity, the absence of arterial vasodilation may be an indi- 
cation of small-vessel arterial disease. Electronic caliper 
determinations of penile arterial diameter can be per- 
formed using high resolution ultrasonography to an ac- 
curacy of +0.1 mm.29 The cavernous arterial diameter in 
the flaccid state has been found to be variable, ranging 
from 0.3 to 1.0 mm. Lue and associates determined that 
the mean increase in arterial diameter after induction of 
a pharmacologic erection should exceed 75% over the 
baseline diameter in patients without arteriogenic impo- 
tence4.26 (Fig. 23.7B). Patients with arterial insufficiency, 
on the other hand, show minimal or no vasodilation in 
response to papaverine. 

This particular criterion for arterial vasodilation and 
its accuracy has been disputed by other investigators. 
Some have found poor correlation between the percent- 
age arterial vasodilation and angiographic evidence of 
arterial insufficiency, suggesting that the percentage ar- 


peak systolic velocity of more than 30 cm/s. (B) Longitudinal 
view through the corpora shows excellent dilation of the cav- 
ernous arteries bilaterally in response to PGE). 


408 


Pari al E 
+ 


FIGURE 23.8. Abnormal arterial response to intracavernosal in- 
jection. High resolution duplex sonography following PGE, in- 
jection in a patient with arteriogenic impotence. The arterial 
waveform demonstrates a poor arterial response with a low 
peak systolic velocity of 8 cm/s (normal > 30 cm/s). 


terial vasodilation by itself is not a reliable criterion.9.32,38 
Jarow and associates reported that although they found 
peak systolic velocity to correlate well with findings on 
arteriography the percentage arterial vasodilation did 
not appear to correlate with findings on arteriography.9 
These findings may be related to the large number of 
patients in their study who had variant penile arterial 
anatomy. Moreover, due to their small size, accurate cav- 
ernous arterial diameter determinations may also be at 
the lower limit of current ultrasound resolution and 
therefore less reproducible than peak systolic velocity. 
Nevertheless, a forceful pulsation with appreciable 
change of arterial diameter between the systolic and di- 
astolic phases does indicate normal arterial compliance 
and function and is seen only in the patient who devel- 
ops full erection after ICI. 


Blood Flow Acceleration 


Blood flow acceleration is a function of peak systolic ve- 
locity. Cavernous blood flow acceleration is defined as 
the peak flow velocity divided by the pulse rise time. Be- 
cause an increase in blood flow velocity is occasionally 
seen in the absence of arterial vasodilation, some investi- 
gators have suggested that blood flow acceleration is a 
useful parameter for evaluating arteriogenic impotence. 
Mellinger and associates reported that blood flow accel- 
eration appeared to correlate well with the subjective 
quality of erections.39 Unlike peak systolic velocity, a well 
defined lower limit of normal has not been determined 
for cavernous arterial blood flow acceleration. 
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Variation in 
Penile Arterial Anatomy 


Despite its significant limitations in applicability, puden- 
dal arteriography, performed with pharmacologic erec- 
tion, is still considered by many to be the gold standard 
for evaluating arteriogenic impotence. Attempts to cor- 
relate duplex sonography with pudendal arteriography 
have met with varying degrees of success.9.25,33,38 Duplex 
sonography relies on imaging the cavernous arteries at 
the base of the penis where the anatomy is least variable 
and blood flow the greatest. Variation in penile arterial 
anatomy is one of the confounding factors when employ- 
ing duplex sonography to evaluate penile blood flow. 
Jarow and associates found excellent correlation of du- 
plex sonography and pudendal arteriography in patients 
with classic penile arterial anatomy, but correlation be- 
tween duplex sonography and arteriography was signifi- 
cantly lower in patients with variant penile anatomy.9 
More significantly, anatomic and radiographic studies 
show a high percentage of patients with nonclassic pe- 
nile arterial anatomy, which can potentially alter the in- 
terpretation of duplex sonography.8.9 Significant varia- 
tions of penile arterial anatomy include variation in the 
number and location of the cavernous arteries (Fig. 
23.9). Early branching of the cavernous arteries or the 
presence of multiple vessels, for example, may make it 
difficult for the clinician to evaluate blood flow velocity 
through the main cavernous artery. If undetected, the 
presence of distal arterial perforators from the dorsal 
artery or the contralateral cavernous artery may lead the 


FIGURE 23.9. Variation in penile arterial anatomy. Transverse 
view of the penis with high resolution ultrasonography demon- 
strates the presence of multiple cavernous arteries bilaterally 
(arrows). Failure to recognize this anatomic variant may lead 
the clinician to underestimate the total penile arterial flow and 
wrongly assign a patient the diagnosis of arteriogenic impo- 
tence. 
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FIGURE 23.10. Variation in penile arterial anatomy. High resolu- 
tion ultrasonography demonstrates a cavernous artery (ar- 
rows) crossing the intercavernosal septum and supplying both 
cavernous bodies. Distal perforating branches can also arise 
from the dorsal artery. 


clinician to underestimate the total arterial blood flow 
that contributes to the arterial phase of erection (Fig. 
23.10). This error leads the physician to wrongly assign a 
diagnosis of arteriogenic impotence. 


Ultrasonography for Evaluation 
of Venogenic Impotence 


Venogenic impotence is defined as the inability to ap- 
propriately decrease venous outflow from the penis to 
produce a satisfactory erection. The standard evaluation 
for venoocclusive erectile dysfunction is dynamic infu- 
sion cavernosometry and cavernosography (DICC) per- 
formed with a pharmacologically induced erection.40-42 
Definitive evidence of penile venoocclusive dysfunction 
is provided by requiring high saline infusion rates to 
maintain the erection and rapid loss of erection follow- 
ing the cessation of saline infusion. Cavernosography in- 
volves infusion of a dilute contrast solution into the cav- 
ernous bodies to visualize the sites of venous leakage. 
Various leak sites to the glans, corpus spongiosum, su- 
perficial and deep dorsal veins, and cavernous veins are 
commonly seen. In most of patients more than one leak 
site can be visualized by cavernosography.6.42,48 
Although duplex sonography is most useful as a tech- 
nique for evaluating arteriogenic impotence, it can pro- 
vide useful information for the diagnosis of venogenic 
impotence as well. On rare occasions, duplex sonogra- 
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phy with color Doppler can detect the presence of an ab- 
normal communication between the corpus cavernosum 
and the corpus spongiosum or the glans penis, such as 
posttraumatic fistula, persistent corporal to glans shunt, 
or ectopic veins. More often than not, however, duplex 
sonography provides an indirect diagnosis of venogenic 
impotence by ruling out the possibility of arteriogenic 
impotence. In other words, the presence of a poor erec- 
tion in response to a vasodilating agent, despite a normal 
cavernous arterial response on duplex sonography, 
should lead the clinician to suspect venoocclusive erec- 
tile dysfunction. For this reason, we believe an evaluation 
for arteriogenic impotence by duplex sonography is al- 
ways indicated before initiating an evaluation for 
venoocclusive erectile dysfunction.42 Only when an arte- 
riogenic etiology has been definitively ruled out should 
the clinician proceed to a more invasive study, such as dy- 
namic infusion cavernosometry. 

Duplex sonography can also be used to detect venous 
leakage by directly imaging the most common venous 
leak sites. Several investigators have found that the pres- 
ence of persistent venous flow in the dorsal vein during a 
pharmacologically induced erection correlated well with 
the finding of venous leakage at that site during caver- 
nosometry and cavernosography.32,34,44 This localization 
technique is somewhat limited, however, because sonog- 
raphy cannot be used to reliably image other common 
sites of leakage, such as the cavernous or urethral veins. 
Some investigators have similarly reported that transrec- 
tal ultrasonography, performed after intracavernosal in- 
jection (ICI) of PGE), can detect increased blood vol- 


FIGURE 23.11. Venous leak impotence. High resolution duplex 
ultrasonography demonstrates characteristic findings in a pa- 
tient with venous leak impotence. Note the persistent cav- 
ernous arterial blood flow during the diastolic phase. Peak sys- 
tolic flow is within the normal range, ruling out arterial 
insufficiency (> 30 cm/s). 
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ume within the periprostatic venous plexus, signifying 
venous incompetence.45 

In addition to the above technique, some investigators 
have shown good correlation between diastolic blood 
flow velocity within the cavernous arteries and the pres- 
ence of venous leakage. With the normal erectile re- 
sponse, there should be little if any detectable flow 
within the cavernous arteries during the diastolic phase 
15-20 minutes after ICI and self-stimulation. The pres- 
ence of a diastolic blood flow velocity of more than 
5 cm/s within the cavernous arteries has been shown in 


some studies to indicate venoocclusive dysfunction32,34 
(Fig. 23.11). 


Pitfalls of Ultrasonography 


Although ultrasonography has been proved to be per- 
haps the most versatile technique for evaluating vasculo- 
genic impotence, significant limitations have been 
pointed out. First, as all radiologic tests for impotence, 
ultrasonography is performed in a nonsexual setting 
with little privacy. Many investigators have found that 
this situation sometimes leads to a high anxiety level and 
a sympathetic response that inhibits the erectile re- 
sponse to ICI.31,46 A suboptimal arterial response to ICI 
secondary to anxiety may reduce peak systolic blood flow 
velocity and inhibit arterial vasodilation, leading the clin- 
ician to wrongly assign a diagnosis of arteriogenic impo- 
tence. Therefore we encourage all patients to perform 
manual genital stimulation in a private setting following 
ICI. In our experience, a large percentage of patients 
(>70%) with a poor erectile response initially demon- 
strate an improvement in their erections following man- 
ual stimulation, thereby minimizing the number of false- 
positive studies. 

The result of the sonographic study may also be influ- 
enced by the temporal response to ICI. Lue and associ- 
ates recommended performing the study 3-5 minutes 
after ICI. Peak systolic velocity and arterial dilatation are 
likely to be greatest during this early arterial phase of 
erection. Arterial inflow decreases significantly during 
the full erection phase of the penis, and an ultrasound 
examination performed during this period yields a de- 
ceptively low peak velocity.47 On the other hand, some 
investigators have found that there is a small but signifi- 
cant number of patients who show a delayed but eventu- 
ally normal arterial response to ICI.34 For this reason, 
Fitzgerald and colleagues suggested that the sono- 
graphic examination be extended for up to 30 minutes 
following the ICI in order to detect these late respon- 
ders. It is unclear if the delayed arterial response repre- 
sents a normal variant or a mild form of arteriogenic im- 
potence.34 
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There have been relatively few studies that have em- 
ployed normal volunteers and a standardized technique 
to establish the criteria for a normal arterial response. 
Most criteria regarding the peak systolic velocity and va- 
sodilation have been established using impotent patients 
with nonarteriogenic impotence (i.e., psychogenic, neu- 
rogenic).4,26,34 The validity of employing this particular 
patient population as controls has been questioned by 
several authors. Lee and associates studied a group of 
potent volunteers and arrived at criteria for normal sub- 
jects similar to those obtained by previous investiga- 
tors.36 However, Mellinger and Vaughn reported on a 
small number of potent volunteers studied by duplex 
sonography and found significantly higher values for 
peak systolic velocity and percentage arterial vasodila- 
tion than are currently employed by most investigators.48 

Lastly, as previously mentioned, ultrasonography is an 
operator-dependent technology. A thorough under- 
standing of erectile physiology and anatomy is necessary 
to properly perform and interpret the examination. The 
experience of the clinician in performing the examina- 
tion is critical for arriving at the correct diagnosis and 
avoiding the various pitfalls outlined above. 


Conclusions 


Ultrasonography has traditionally been one of the most 
useful techniques for noninvasive evaluation of vascular 
diseases. From the early efforts at penile pulse and blood 
pressure determination to its current state, ultrasonogra- 
phy has served as an important research tool and a clini- 
cal diagnostic modality. Improvements in technology 
and innovative modifications of sonographic techniques 
have made sonography a critical tool in the diagnosis 
and management of erectile dysfunction. Despite these 
gains, it should be realized that no single technique can 
be depended on to yield the correct diagnosis in all 
cases. Evaluation of each patient still depends on sound 
clinical judgment and careful selection of the appropri- 
ate diagnostic modalities. An understanding of the 
power and limitations of each technique allows the 
physician to reach the correct diagnosis and provide a 
satisfactory solution for each patient. 
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CT and MRI of Benign and 
Malignant Conditions of the Vagina 


Kostaki G. Bis, Thomas G. Vrachhotis, and Ali Shirkhoda 


Imaging the vagina has evolved from a semiinvasive radio- 
graphic evaluation utilizing iodinated contrast vaginogra- 
phy to a noninvasive evaluation using ultrasonography 
(US), computed tomography (CT), and magnetic reso- 
nance imaging (MRI). Vaginography! employs the use of 
water-soluble iodinated radiographic contrast and a Foley 
or barium enema catheter equipped with a balloon to 
tamponade the introitus. Although it is a useful tech- 
nique for evaluating patients with congenital vaginal ab- 
normalities,2 vaginal ectopic ureter,3.4 and fistulas to the 
vagina,1.5 vaginography is not reliable for evaluating mass 
lesions, as the vaginal wall and paravaginal tissues are not 
imaged. Ultrasonography has been used with limitations 
for assessing congenital abnormalities6-8 and mass le- 
sions? of the vagina; however, US techniques are limited 
by their operator dependence, poor field of view, pres- 
ence of bowel gas, and obese body habitus. Advantages of 
CT include its ability to evaluate the pelvis with a larger 
field of view, but it is suboptimal owing to its insufficient 
soft tissue contrast resolution and single plane of image 
acquisition. The limitations of vaginography, CT, and US 
are overcome with MRI because of its multiplanar capa- 
bilities, exquisite soft tissue and spatial resolution, and 
ability to accurately evaluate the anatomic relations of 
vaginal pathology to subjacent structures. In this chapter 
normal anatomy and embryology are discussed followed 
by a review of the benign and malignant conditions of 
the vagina imaged using CT and MRI. 


Normal Anatomy, Histology, 
and Embryology 


Understanding the normal anatomy and histology of the 
vagina from the neonatal to the postmenopausal period 
is essential for interpretation of both benign and malig- 
nant conditions involving the vagina. A brief review of 
embryologic development is presented as a guide to un- 
derstanding congenital abnormalities. 


Anatomy 


The vagina is a copulatory organ composed of a muscu- 
lomembranous sheath extending from the cleft between 
the labia minora (vestibule) to the uterine cervix.10 As 
the vagina courses posterosuperiorly at an approximate 
angle of 90 degrees to the uterine axis, the bladder and 
urethra are noted ventrally and the rectum and anus 
posteriorly. Typically, the anterior vaginal wall is shorter 
and is in contact with the longer posterior wall except su- 
periorly where the cervix protrudes into the vaginal cav- 
ity. There it creates an annular recess or fornix, which is 
divided into anterior, posterior, and lateral parts. The 
posterior vaginal fornix is deepest, as the posterior vagi- 
nal attachment to the cervix is higher than its anterior 
counterpart. 

The ventral relations of the vagina include the blad- 
der, urethra, and distal aspect of the ureters. The poste- 
rior relations include the rectovaginal pouch, rectum, 
and anus. Only the cephalad 1-2 cm of the posterior 
wall is covered by peritoneum separating the upper 
vagina from the rectum.!! In the middle third interven- 
ing loose connective tissue separates the vagina and rec- 
tum; and more inferiorly the vagina is separated from 
the anus via the musculofibrous perineal body. Superi- 
orly, the lateral relations of the vagina include the broad 
ligaments, which contain the distal ureters and uterine 
vessels. Inferiorly, the lateral relations includes the com- 
ponents of the levator ani muscles and greater vestibular 
glands.!1 The size of the vaginal lumen is affected by 
contraction of the levator ani, pubovaginalis (anterior 
part of levator ani), bulbospongiosus muscles, and uro- 
genital diaphragm. On a transverse cross section, the 
vagina has an H-shape in its inferior aspect due to ante- 
rior and posterior vaginal wall ridges (columnae ru- 
garum).!2 The anterior ridge is composed of muscular 
tracts, and the posterior ridge is related to the venous 
plexus. 

The arterial supply of the vagina arises from the inter- 
nal iliac arteries via vaginal branches of the uterine, mid- 
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dle rectal, and internal pudendal arteries. Venous 
drainage is via the vaginal venous plexuses along the 
sides of the vagina, which drain into the internal iliac 
veins. Lymphatic drainage of the vagina is dependent on 
its craniocaudal anatomy.!3 The upper third of the 
vagina, which is located at the level of the bladder, drains 
to the internal iliac and sacral nodes. These lymphatics 
accompany the uterine artery and drain into the exter- 
nal iliac lymph nodes. The middle third of the vagina, 
which is related to the bladder floor, drains into the in- 
ternal and common iliac nodes. These lymphatics ac- 
company the vaginal arteries. The lower third of the 
vagina, which is located at the level of the urethra and 
vestibule, drains into the inguinal and anorectal nodes. 


Histology 


The vagina is lined by a nonkeratinizing and glycogen- 
rich, stratified squamous epithelium.!4 The vaginal sur- 
face should not be considered a mucosal lining, as it 
does not secrete mucus. Isolated glands resembling 
those of the cervix may be found in the uppermost 
vagina; however, elsewhere the vagina lacks these glands 
and the mucus found in the vaginal lumen is primarily 
derived from the cervix. The vaginal surface is moist- 
ened by a thin transudative fluid that is acidic owing to 
lactic acid production from the action of Lactobacillus 
bacteria on the epithelial glycogen. There are three 
main layers of the epithelium, consisting of a superficial 
functional zone, an intermediate zone of transitional 
cells, and a basal layer of round and oval cells. The ep- 
ithelial layer consists of an epithelial lamina and lamina 
propria, which is composed of a loose connective tissue 
rich in elastic fibers. Peripherally, the muscularis consists 
of longitudinally oriented smooth muscle fibers that are 
continuous with the uterine myometrium. Circular bun- 
dles of smooth muscle are also found at the inner part of 
the muscularis. Finally, a fibrosa is present consisting of 
dense connective tissue adhering the vagina to sur- 
rounding structures. A well developed system of lym- 
phatics, blood vessels, and venous channels are present 
in the vaginal wall. 

The vaginal epithelium is under the endocrine control 
of estrogens and progesterone, resulting in cyclical 
changes in reproductive life. Estrogen stimulates cellular 
proliferation, resulting in epithelial thickening seen dur- 
ing the first half of the menstrual cycle. Progesterone re- 
inforces the effects of estrogens in glycogen synthesis.12 
The epithelium therefore is thickest during the prolifer- 
ative stage and has the highest glycogen content during 
ovulation. The epithelial thickness decreases during the 
secretory phase. The vaginal epithelium is also influ- 
enced by exogenous hormones and the postmenopausal 
state. The overall effects of oral contraceptives are de- 
pendent on the relative amounts of progestin and estro- 
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gen. With menopause, there is epithelial thinning, which 
may resemble that of a prepubertal girl. There is also a 
decrease in the depth and caliber of the vagina as a re- 
sult of a loss of its elasticity, pelvic relaxation, uterine de- 
scent, or disuse atrophy. 


Embryology 


The vagina is of dual embryologic origin,15 with the up- 
per two-thirds derived from the paired mullerian or 
paramesonephric ducts and the lower one-third from 
the urogenital sinus. The mullerian ducts appear by the 
sixth week of embryonic life, and as they grow toward 
the urogenital sinus two solid evaginations (sinovaginal 
bulbs) grow from the sinus and form a solid plate of tis- 
sue. By the fifth month vaginal outgrowth is canalized 
and the vaginal lumen is separated from the urogenital 
sinus by the hymen, which usually ruptures during peri- 
natal life. Congenital anomalies of the vagina arise be- 
cause of partial or complete failure of fusion or develop- 
ment of these two systems. Because of a close embryonic 
association, anomalies of the genital tract are frequently 
accompanied by urinary tract malformations. 


Normal Vagina on CT and MRI 


Computed Tomography 


The vagina, cervix, and uterus can be distinguished on 
CT by identifying their configuration and location 
within the pelvis.16 In addition, the uterine body exhibits 
intense contrast enhancement and is triangular, whereas 
the cervix has a more rounded configuration and en- 
hances less intensely. At the forniceal and bladder neck 
level (Fig. 24.1A,B) the vagina has a flat rectangular ap- 
pearance. Owing to the rich vascular supply to the 
vagina, the epithelial layer may demonstrate increased 
attenuation following intravenous contrast administra- 
tion. Demarcation of the vagina, cervix, and uterus, how- 
ever, is not clearly demonstrated with CT owing to its 
poor soft tissue contrast resolution. Furthermore, be- 
cause the vaginal lumen is normally collapsed, it is not 
easily distinguished from the periurethral tissues (Fig. 
24.1C). CT identification of the vaginal canal can be fa- 
cilitated by use of a tampon. Also, coronal and sagittal re- 
formatted CT images!’ can be of value for depicting the 
three-dimensional relations of pelvic and vaginal pathol- 
ogy, which is important for surgical and radiation treat- 
ment planning. 

The CT techniques described to image the vaginal6,17 
have employed an 8 mm slice thickness. However, spatial 
resolution can be increased by using slice thicknesses of 
4—5 mm, and soft tissue contrast resolution may be im- 
proved through the use of faster spiral data acquisitions, 
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FIGURE 24.1. Normal vaginal anatomy by computed tomogra- 
phy. The upper (A), middle (B), and lower (C) thirds of the 
vagina are displayed (arrows). Based on anatomic position, the 
vagina is identified; however, because of inferior soft tissue 
contrast resolution the vaginal zonal anatomy is not dis- 
cernible. r = rectum; b = bladder; a = anus; u = urethra. 


which image the entire vagina during the maximum 
phase of intravenous contrast enhancement. 


Magnetic Resonance Imaging 


The normal vaginal anatomy and its differentiation from 
subjacent structures with MRI have been described1!3,18,19 
utilizing low (0.35 tesla) and high (1.50 tesla) field sys- 
tems. T2-weighted images are essential for depicting the 
vaginal anatomy. Transverse 4-5 mm section thickness 
slices are optimal, although direct sagittal and coronal 
imaging can be performed. Previous studies!3,18,19 em- 
ployed a body coil and conventional spin echo se- 
quences. Today, faster imaging can be achieved using 
fast (turbo) spin echo sequences.20.21 Higher spatial res- 
olution and signal-to-noise ratios can be obtained 
through the use of pelvic phased array coils.21 In con- 
trast to CT, a tampon is not required for MRI of the 
vagina. 

The appearance of the vagina on MRI depends on the 
MRI parameters, its anatomic location, and its hormonal 
status.19 On T1l-weighted (short TR/TE) sequences (Fig. 
24.2A), the vaginal wall and lumen are not easily differ- 
entiated and are seen with low signal intensity (SI). The 
higher SI of fat surrounding the vaginal wall, however, 1s 
depicted with higher soft tissue contrast resolution than 
on T2-weighted (long TR/TE) sequences. On T2- 
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weighted sequences (Fig. 24.2B—E), the central portion 
of the vagina is of high SI owing to the longer T2 relax- 
ation times of luminal fluid/mucus and vaginal epithe- 
lium. The vaginal wall (muscularis) is of low SI owing to 
the shorter T2 relaxation time of muscle. The connec- 
tive tissues surrounding the vagina and urethra fre- 
quently exhibit high SI on T2-weighted images owing to 
the stagnant or slow blood flow within the surrounding 
vaginal venous plexus, rephrasing of constant velocity 
spins on flow compensated sequences, or both. This is 
especially true during the midsecretory phase of the 
menstrual cycle. The muscularis of the urethra and rec- 
tum and the levator ani muscles are imaged with low SI 
on T2-weighted images. The vaginal fornices and upper 
one-third of the vagina are seen at the level of the mid to 
upper bladder (Fig. 24.2B). At this cross-sectional level 
the vagina is linear in configuration and has a maximum 
transverse diameter. 

The middle one-third of the vagina (Fig. 24.2C) is seen 
at the level of the bladder base and the lower third (Fig. 
24.2D) at the urethral level. In these locations the vagina 
assumes an H-like configuration on transverse cross sec- 
tions. The thickness of the central portion of the vagina 
and the SI of the vaginal wall on T2-weighted images are 
affected by the hormonal status and correlate with the 
increased estrogen. The central vaginal area consisting 
of the higher SI epithelium and luminal fluid/mucus is 
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thickest during the late proliferative and especially the 
midsecretory phases of the menstrual cycle. It is also 
thick in infants less than 1 month of age owing to mater- 
nal hormonal stimulation. The central area is thinnest in 
premenarcheal girls, postmenopausal women not on ex- 
ogenous hormones, and during the early proliferative 
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FIGURE 24.2. Normal vaginal anatomy by magnetic resonance 
imaging. The axial Tl-weighted image of the vagina (A) (ar- 
row) reveals the high signal intensity (SI) paravaginal fat 
(curved arrow). The zonal anatomy of the vagina is not dis- 
cernible. The upper (B), middle (C), and lower (D) thirds of 
the vagina are displayed on axial T2-weighted images. The 
zonal anatomy is identified with a low SI muscularis (arrow) 
and higher SI epithelial layer (curved arrows). The high SI 
noted surrounding the vagina represents the rephasing phe- 
nomenon of slow flow within the paravaginal venous plexus. A 
sagittal T2-weighted image (E) better reveals the anterior and 
posterior relations of the vagina (v). b = bladder; u = uterus; r = 
rectum; ur = urethra; c = cervix; a = anus; cl = clitoris. 


and late secretory phases of the menstrual cycle. The 
vaginal wall (muscularis) has lower SI than the levator 
ani muscles in premenarcheal girls, during the early pro- 
liferative and late secretory phases of the menstrual cy- 
cle, and in postmenopausal women not on exogenous 
hormones. The vaginal wall assumes a higher SI (higher 
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than the levator ani muscles) during the late prolifera- 
tive and especially the midsecretory phases of the men- 
strual cycle, in infants under 1 year of age, and in preg- 
nant women. The increased SI of the vaginal wall is due 
to the stimulation of estrogen and progesterone recep- 
tors with subsequent development of edema. 

With an increase in vaginal wall SI, the contrast be- 
tween the vaginal wall and central area is diminished. 
Therefore in menstruating females MRI of the vagina 
should be performed during the early proliferative or 
late secretory phases of the menstrual cycle to maximize 
soft tissue contrast resolution. It is of note that in post- 
menopausal women on exogenous estrogen the central 
vaginal area increases in thickness and is equivalent to 
that of menstruating females. Although soft tissue con- 
trast resolution is lacking on Tl-weighted images, the 
vaginal wall, epithelium, and lumen of the vagina can be 
distinguished on T1-weighted sequences following intra- 
venous injection of gadolinitum-DTPA.13 
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FIGURE 24.3. Müllerian duct fusion anomaly (double vagina). 
Axial T2-weighted image (A) reveals a double vagina. The low 
signal intensity (SI) muscularis (large arrows) and higher SI 
epithelial (small curved arrows) layers are demonstrated with 
an intervening septum (arrowhead). Axial proton density (B) 
and T2-weighted (C) images in a different patient with müller- 
ian duct fusion anomaly reveals two vaginal lumens. A tampon 
(arrow) is noted within the vagina on the left. The right vaginal 
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Benign Conditions of the Vagina 


Congenital Anomalies 


The upper two-thirds of the vagina, cervix, uterus, and 
fallopian tubes form after the paired müllerian ducts mi- 
grate, fuse, and undergo canalization. Congenital vagi- 
nal anomalies may arise from mullerian duct or urogeni- 
tal sinus nondevelopment or from partial or complete 
failure of mullerian duct fusion. 

The most common of the vaginal anomalies is an im- 
perforate hymen due to persistence of a urogenital sinus 
membrane leading to hematocolpos or hematometro- 
colpos. MRI has the unique ability to denote the pres- 
ence of blood within the vagina or uterine cavity and to 
provide a relative age of hemorrhage. 

Abnormalities of mullerian duct fusion result in uter- 
ine didelphis, bicornuate uterus, and longitudinal vagi- 
nal septa (double vagina) (Fig. 24.3). When there is non- 


lumen (curved arrows) is distended with blood owing to ob- 
struction from a more inferiorly located transverse vaginal sep- 
tum. In this patient with cryptomenorrhea, hematometrocol- 
pos is present on the right side. An axial proton density 
weighted image (D) at a higher level reveals distention of the 
endocervical canal on the right (arrow). A bilobed external 
fundal contour is seen (curved arrow). Findings in this patient 
are consistent with a uterine didelphis anomaly. 
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FIGURE 24.4. Mayer-Rokitansky-Kuster-Hauser syndrome. Sagit- 
tal (A) and axial (B) T2-weighted images show absence of the 
vagina with higher signal intensity vascular connective tissue 
within the expected anatomic location of the normal vagina 


development of the mullerian ducts, partial or complete 
vaginal agenesis takes place (Fig. 24.4). Up to 50% of 
these patients have unilateral renal agenesis or renal ec- 
topia.22 If not diagnosed at birth, vaginal agenesis mani- 
fests as cryptomenorrhea with resulting hematocolpos or 
hematometrocolpos at menarche.23 Management of 
these patients depends on the length of atresia, the pres- 
ence or absence of a cervix and uterus, and the distance 
between the blind end of the vagina and introitus.19 The 
presence of an intact cervix and uterus in patients with 
vaginal agenesis dictates performance a simple vagino- 
plasty. When a normal cervix and uterus are not present 


FIGURE 24.5. Mullerian duct agenesis. An axial T2-weighted im- 
age (A) shows absence of the vagina with high signal intensity 
vasculature filling the expected anatomic location of the nor- 
mal vagina (arrows). A sagittal T2-weighted image (B) reveals 
the presence of a uterine fundus (arrows). The uterine corpus 
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(arrows). The bladder (b) and urethra (curved arrow) are 
noted anteriorly and the rectum (r) posteriorly. There is agene- 
sis of the vagina, cervix, and uterus in this patient. Interest- 
ingly, there is also evidence of a pelvic kidney (K). 


(Fig. 23.5), hysterectomy is performed to remove the 
hormonally responsive endometrium, which avoids fu- 
ture risk of endometriosis. In the latter instance, a neo- 
vagina?4 (see Fig. 24.18) is also created. It is of note that 
vaginal agenesis may be accompanied by variable ab- 
normalities of the uterus and anomalies of the urinary 
tract and skeletal system known as Mayer-Rokitansky- 
Kuster-Hauser syndrome (Fig. 24.4). In this syndrome 
the vagina and uterus are absent, but the fallopian 
tubes and ovaries are intact.25 With the Rokitansky syn- 
drome vaginal agenesis may be partial, and the cervix 
may be present. 
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and cervix, however, were not identified owing to agenesis of 
this segment of the müllerian ducts. In this patient a vagino- 
plasty would be performed along with hysterectomy to prevent 
the future occurrence of endometriosis. 
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Although US68 can be used with either a transperineal 
or transabdominal technique to demonstrate the pres- 
ence or absence of the vagina and uterus or the presence 
of hematometra or hematocolpos indicating a mullerian 
defect, there are frequent limitations, such as bowel gas 
obscuring the uterus or insufficient soft tissue contrast 
resolution between the vaginal wall and surrounding con- 
nective tissue. Thus US is less definitive than MRI for mak- 
ing a diagnosis and quantifying the nature of the muller- 
ian defect in all patients. It is, however, the initial modality 
of choice for imaging patients, followed by MRI for equiv- 
ocal cases and for operative management.19,23,26 -30 Sev- 
eral reports have demonstrated the superiority of MRI 
over hysterosalpingography, transvaginal ultrasonogra- 
phy, and laparoscopy for defining miullerian defects. 
When defining uterine anomalies by these methods ver- 
sus laparoscopy Doyle26 found a 96% accuracy for MRI, 
85% accuracy for US, and 6% accuracy for hysterosalpin- 
gography. MRI was also able to delineate cervicovaginal 
anomalies, vaginal septa, and various degrees of vaginal 
agenesis. Carrington et al.27 and Hricak et al.19 also re- 
ported excellent diagnostic accuracy of MRI in the evalu- 
ation of a wide variety of mullerian defects. Because of 
poor soft tissue contrast resolution and exposure to radi- 
ation, CT currently plays no role in the evaluation of pa- 
tients with mullerian defects. 


Disorders of Sex Differentiation 


Abnormalities of sex differentiation have been catego- 
rized into disorders of genetic, gonadal, or phenotypic 
sex differentiation.!9.25 True hermaphroditism and go- 
nadal dysgenesis (Turner syndrome) make up the disor- 
ders of abnormal gonadal sex differentiation. True her- 
maphrodites have variable internal genitalia, and both 
ovarian and testicular tissue is present. The most com- 
mon presentation is an ovotestis on one side and an 
ovary or testis on the other.3! With gonadal dysgenesis, 
an absence of the second sex chromosome results in go- 
nads replaced with streaks of connective tissue that lack 
germ cells. Phenotypic abnormalities are the result of a 
disturbance of the fetal endocrinologic environment 
and consist of male and female pseudohermaphrodites. 
Female pseudohermaphrodites have normal ovaries, a 
female XX karyotype, and normal internal genitalia; but 
they have virilized external genitalia due to an androgen 
excess from congenital adrenal hyperplasia, maternal in- 
gestion of androgens, or a maternal virilizing tumor.!5 
Male pseudohermaphrodites have testicular tissue pre- 
sent and a male XY karyotype but ambiguous internal or 
external genitalia due to a decrease of androgen synthe- 
sis or end-organ insensitivity. 

Magnetic resonance imaging in patients with ambigu- 
ous genitalia can help management by defining the in- 
ternal genital anatomy especially when initial assessment 
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with US is inconclusive.!3 Although MRI provides this 
anatomic information, it is not diagnostic as similar geni- 
tal anatomy can be found with various intersex prob- 
lems. Hence hormonal studies and karyotyping are 
needed.32 MRI can exclude a diagnosis of male pseudo- 
hermaphroditism by showing the presence of a uterus 
and vagina. 


Paravaginal Cysts 


Paravaginal cysts are associated with the vagina and vulva 
and are inflammatory or developmental. Inflammatory 
cysts include Bartholin’s gland cyst, epithelial inclusion 
or keratinous cyst, and mucus cyst. Developmental cysts 
include urothelial cysts (from urogenital sinus), wolffian 
duct or mesonephric cysts, and paramesonephric cysts. 
The variable appearance of the cysts should be recog- 
nized and differentiated from solid lesions. Their imag- 
ing features have been described based on CT and MRI 
findings.33 

Developmental cysts of the vagina, such as Gartner's 
duct and wolffian duct cysts, occur in the upper part of 
the vagina. Vaginal inclusion cysts are usually traumatic 
and are more commonly found inferiorly, either anteri- 
orly or posteriorly, and they are typically seen following 
episiotomy. Bartholin’s gland cysts (Fig. 24.6) are the 
most common of the paravaginal cysts and involve the 
vulva. They are usually asymptomatic and are identified 
posterolaterally at the inferior one-third of the vagina. 
They develop owing to stenotic ducts secondary to prior 
infection or trauma. At times Bartholin’s gland cysts re- 
quire drainage because of pain from superimposed in- 
fection and abscess formation. When paravaginal cysts- 
have a high protein content or become hemorrhagic, 
their CT attenuation increases, as does their MRI SI on 
T1-weighted images. The presence of a fluid/fluid level, 
with hematocrit effect and decreased SI on T2-weighted 
images, suggests hemorrhage. These atypical cystic le- 
sions should be recognized as such and not misinter- 
preted as solid masses. The absence of enhancement on 
either CT or MRI should distinguish these lesions as cys- 
tic. Urethral diverticula are also seen as high SI lesions 
on T2-weighted images (Fig. 24.7), but their periurethral 
location should be recognized and not confused with 
vaginal cysts. Solid lesions may arise from Bartholin’s 
glands owing to primary or metastatic carcinoma but can 
be differentiated from cysts by their inhomogeneous sig- 
nal intensity on MRI and, more importantly, the pres- 
ence of enhancement with either modality. 


Fistulas 


Enterovaginal or vesicovaginal fistulas are usually symp- 
tomatic and diagnosed clinically. They are most often ac- 
quired34 but may be congenital in etiology.35 Acquired 
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FIGURE 24.6. Bartholin’s gland cyst. Axial Tl- (A) and T2- (B) 
weighted images in a patient with a Bartholin’s gland cyst re- 
veals an oval mass (arrow) with high signal intensity (SI) on 
Tl- and T2-weighted images. The high SI noted on the T1- 
weighted image is related to either hemorrhage or high pro- 
tein content. Contrast-enhanced transverse computed tomo- 
gram (C) in a different patient reveals the CT appearance of a 
Bartholin’s cyst with low attenuation (arrow). 


FIGURE 24.7. Paravaginal cyst due to urethral diverticulum. 
Sagittal (A) and axial (B) T2-weighted images reveal an oval 
high signal intensity mass inferior to the bladder (arrows). The 
transverse image reveals a mass effect on the vagina (curved ar- 
row). Its periurethral location is better depicted on transverse 
imaging, disclosing its etiology as a diverticulum, which is 
shown on a radiographic contrast urethrogram (C). u = ure- 
thra. 
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fistulas may be due to. iatrogenic complications and 
trauma, pelvic malignancy, irradiation, or inflammatory 
processes. Vesicovaginal fistulas usually result from ob- 
stetric or surgical trauma or from radiation therapy for 
malignant pelvic neoplasms, usually cervical in origin. 
Rectovaginal and sigmoidovaginal fistulas can involve 
the upper, middle, or lower one-third of the vagina. At 
the upper one-third of the vagina the fistula involves the 
peritonealized portion of the vagina and pouch of Doug- 
las; at the middle one-third it involves the rectovaginal 
septum; and at the lower one-third it involves the anal 
sphincter and perineal body. Lower one-third vaginal fis- 
tulas are usually due to obstetric trauma and higher fis- 
tulas to irradiation, surgical trauma, diverticulitis, or in- 
flammatory bowel disease. Cervical cancer treated with 
radiotherapy is a leading cause of vesicovaginal fistulas 
in patients with gynecologic malignancy whereby 1-10% 
of patients develop vaginal fistulas.36 It is of note that 
10% of women with Crohn’s disease develop a rectovagi- 
nal fistula as a complication of their disease.36 

The demonstration of a fistulous communication with 
conventional radiographic studies such as intravenous 
urography, cystography, and barium enema studies fre- 
quently is unsuccessful. Vaginography! has been em- 
ployed successfully to determine the number and sites of 
vaginal fistulas. Vaginography is more successful than 
gastrointestinal (GI) studies for demonstrating en- 
terovaginal fistulas, as on GI studies contrast follows the 
path of least resistance within the bowel. Furthermore, 
although vaginal contrast may be identified on GI stud- 
ies, there is frequently an overlap of bowel loops obscur- 
ing the site and number of fistulous tracts. Likewise, in- 
travenous urography may be limited because of the 
overlapping bladder contrast. The limitation of vaginog- 
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FIGURE 24.8. Vesicovaginal fistula by computed tomography. 
(A) Transverse contrast-enhanced computed tomogram in a 
patient with vaginal carcinoma treated with pelvic irradiation 
reveals contrast (arrow) and air bubbles (small arrows) within 
the vaginal lumen. A Foley balloon catheter (f) is present 
within an air-filled bladder. The posterior bladder wall is 
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raphy is related to its inability to define the etiology and 
extent of extraluminal disease.3”7 Hence CT (Fig. 24.8) 
has been used not only to detect vaginal fistulas but also 
to provide information regarding their etiology and for 
planning possible surgical treatment.37 

For enterovaginal fistulas, oral contrast is adminis- 


_ tered and intravenous contrast is avoided to ensure that 


any vaginal contrast is indeed from an enterovaginal 
communication. Subsequently, rectal contrast should be 
administered if the rectosigmoid colon is not opacified. 
The presence of vaginal air or fluid without vaginal con- 
trast should prompt more delayed imaging for detection 
of small communications. In contrast, for vesicovaginal 
fistulas, only intravenous (not oral or rectal) contrast 
should be utilized. Delayed imaging is also helpful for 
vesicovaginal fistulas. One must be aware of various enti- 
ties that can mimic enterovaginal or vesicovaginal fistu- 
las. Contrast in the vagina can be found in incontinent 
patients and after voiding in a bedpan (Fig. 24.9E) ow- 
ing to vaginal reflux. Also, ferric subsulfate paste (Fig. 
24.9A) used after biopsies to prevent hemorrhage has 
high attenuation and is cleared through the vagina 
slowly. Finally, vaginal pessaries (Fig. 24.9B,D) have high 
attenuation and mimic findings due to underlying fistu- 
las. Note that it is frequently normal to find a tiny bub- 
ble of air in the vagina. The presence of a large amount 
of air (Fig. 24.10) on either CT or MRI, however, does 
not imply an enterovaginal communication. A large 
amount of air may be due to a variety of vaginal diseases 
that result in a loss of its elasticity.38 It can be seen with 
such disease processes as primary or secondary vaginal 
neoplasms, pelvic inflammation or irradiation, postoper- 
ative (hysterectomy, vulvectomy) edema, or postsurgical 
fibrosis. 
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grossly thickened owing to radiation cystitis. (B) On a trans- 
verse section obtained more superiorly the fistulous communi- 
cation between the bladder and vagina is identified (curved ar- 
row). The posterior bladder wall at the trigone is grossly 
thickened. Perivesical, perirectal, and presacral infiltration of 
fat due to edema from pelvic irradiation is also identified. 
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Although CT has been useful for diagnosing the pres- 
ence and etiology of enterovaginal and vesicovaginal fis- 
tulas, the fistula itself is infrequently shown owing to 
poor soft tissue contrast resolution. MRI (Fig. 24.11), 
however, can delineate pelvic fistulas with a variety of 
characteristics.39 With vesicovaginal fistulas, there is focal 
discontinuity of the low SI bladder wall posteriorly and 
the low SI vaginal muscularis on T2-weighted images. 
The fistula center and vaginal lumen can be of high SI 
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FIGURE 24.9. Diagnostic pitfalls for fistula diagnosis on com- 
puted tomography (CT). (A) Axial contrast-enhanced CT re- 
veals an air/contrast level (arrows). Foremost in the differen- 
tial diagnosis in this patient included a fistula to the vagina; 
however, there was a history of recent biopsy with use of high 
attenuating ferric subsulfate paste for preventing postbiopsy 
hemorrhage. (B-D) In a different patient, serial contrast- 
enhanced CT scans through the upper (B), middle (C), and 
lower (D) third of the vagina reveal areas of high attenuation 
(arrows). The findings represent the presence of a vaginal pes- 
sary and should not be mistaken for the presence of vaginal 
contrast due to underlying fistula. (E) Transverse contrast- 
enhanced CT in a third patient reveals a large amount of con- 
trast distending the vaginal lumen (*) due to reflux of opaci- 
fied urine following urination in a bedpan on the CT table. 


on T’2-weighted images due to the presence of fluid. With 
rectovaginal fistulas, MRI can define a discontinuity of 
signal of the anterior rectal and posterior vaginal walls on 
T2-weighted images with discontinuity of the intervening 
fat plane. Inflammatory fistulas exhibit high signal inten- 
sity tract walls during the acute and subacute phases on 
T2-weighted images; with chronicity, however, the tract 
wall develops a lower signal intensity owing to maturation 
and the development of fibrosis. 
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FIGURE 24.10. Air in the vagina. A sagittal proton density 
weighted MR image in a patient after hysterectomy and laser 
surgery to the vulva reveal a large amount of air distending the 
vagina (arrows). The presence of air does not indicate the 
presence of an enterovaginal fistula, as retention of air can 
take place with reduced vaginal wall compliance as in this pa- 
tient due to the presence of edema for vulvar laser surgery. b = 
bladder; r = rectum; a = anus; c = enlarged edematous clitoris. 


FIGURE 24.11. Vaginal fistulas seen by MRI. Sagittal proton den- 
sity (A) and T2-weighted (B) images reveal a linear low signal 
intensity band (curved arrow) connecting the sigmoid colon 
(s) and vaginal cuff (v). It represents a chronic fistula that de- 
veloped owing to prior diverticulitis. The fistulous lumen is not 
identified because of a lack of distention with fluid. Clinically, 
the patient had a proved enterovaginovesical fistula. The col- 
lapsed vesical component is also identified (arrowhead). 
(C) Sagittal T2-weighted image in a different patient shows a 
necrotic cervical cancer (arrow) following irradiation. A thin 
high signal intensity (SI) tract (small arrows) is seen coursing 
from the necrotic tumor to the anterior vaginal fornix. The 
posterior bladder muscularis (arrowheads) is of higher SI due 
to radiation-induced cystitis. C 
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Benign Neoplasms 


Benign vaginal neoplasms are uncommon and may be 
epithelial or mesenchymal in origin.14 Epithelial tumors 
are probably nonexistent except for virus-induced 
condyloma acuminatum. Pleomorphic adenoma of the 
vagina, however, has been reported.40 The subepithelial 
connective tissue of the vagina may form single or multi- 
ple polypoid masses covered by squamous epithelium, 
resulting in fibroepithelial or stromal polyps.4! The 
leiomyoma is the most common benign neoplasm of the 
vagina that is mesenchymal in origin.42 Other benign 
mesenchymal vaginal neoplasms include rhabdomy- 
oma,43 neurofibroma,44 and schwannoma.45 

Neurofibromas may be associated with neurofibro- 
matosis or may be solitary. They frequently enlarge dur- 
ing gestation and decrease after delivery. Cross-sectional 
imaging of a neurofibroma was reported using CT,44 
which was helpful for defining the extent of tumor prior 
to removal. 

Schwannomas are classified as Antoni type A or B, de- 
pending on their cellular makeup and the presence of 
mucoid degeneration (type B). The use of MRI to evalu- 
ate these lesions can help in the differential diagnosis by 
showing necrosis, cyst formation, hemorrhage, or fatty 
degeneration. 

Hemangiomas of the pelvis46 are benign lesions that 
usually present at birth. They may be associated with in- 
fection, hemorrhage, gigantism, high output failure, 
consumptive coagulopathy, reactive fibrinolysis, and in- 
travascular hemolysis. MRI46 has been used to define the 
extent of hemangiomas prior to treatment planning. A 
vaginal hemangioma is shown in Figure 24.12. 


Endometriosis 


Endometriosis is a disease process related to the ectopic 
location of the functioning layer (zona functionalis) of 


FIGURE 24.12. Vaginal hemangioma. Axial proton density (A) 
and T2-weighted (B) images from a patient with vaginal he- 
mangioma shows gross thickening of the vaginal wall. High sig- 
nal intensity is seen involving the vagina (arrowheads) and 
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the endometrium. Endometriosis may involve several 
pelvic locations, including the ovaries, uterosacral liga- 
ments, pouch of Douglas, vesicouterine pouch, rectosig- 
moid colon, uterus, and bladder. Vaginal involvement 
(Fig. 24.13) is uncommon but can be imaged with US 
and MRI.47 

Endometriosis results in three lesions: solid, cystic, and 
complex multicystic. MRI has been shown to be more 
sensitive and specific than CT and sonography for detect- 
ing the presence of endometriosis.48-50 Hemorrhage in 
various stages of its evolution can be detected with MRI 
using various pulse sequences and suggests the presence 
of endometriosis. Because hemorrhage is nonspecific 
and is seen with inflammatory and neoplastic processes 
as well, colposcopic biopsy is required for diagnosis. 


Inflammation 


Vaginitis5! is the most common disease process of the 
vagina diagnosed clinically and does not require diag- 
nostic imaging. It is most commonly infectious in etiol- 
ogy and sexually transmitted, usually caused by Tricho- 
monas vaginalis, a flagellate protozoan. Other etiologies 
include bacterial (Gardnerella vaginalis, Hemophilus vagi- 
nalis, Neisseria gonorrhoeae), fungal (Candida albicans), 
and viral (herpes and papilloma virus) infections. Senile 
or atrophic vaginitis is due to a lack of estrogenic stimu- 
lation with subsequent epithelial thinning. Vaginitis em- 
physematosa‘! usually occurs during pregnancy with a 
significant association with Trichomonas infection. The 
diagnosis is clinical when identifying gas-filled subep- 
ithelial cysts, which may pop audibly when traumatized. 


Adenosis 


Vaginal adenosis represents the presence of benign 
glandular epithelium of the miullerian type in the su- 
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pelvic side wall (arrows) owing to edema from congestion. Sev- 
eral flow void foci are demonstrated (curved arrows) that are 
due to feeding and draining vasculature. 
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FIGURE 24.13. Posterior vaginal fornix endometriosis. (A) Sag- 
ittal T2-weighted image reveals a retroflexed uterus containing 
a fundal leiomyoma (L). A rounded mass of low signal intensity 
(SI) involves the posterior vaginal fornix (small arrows) and is 
noted behind the posterior cervical lip (long arrow). The low 
SI of this mass mimics a leiomyoma but is due to hemosiderin- 
laden macrophages within a solid endometrial implant 
(proved by biopsy). (B) Sagittal contrast-enhanced Tl- 
weighted image revealed mild enhancement. Low SI fluid 
within the vaginal lumen is identified (long arrows). The mass 
(small arrows) is projecting within the posterior vaginal fornix 
and its relation to the vagina is better appreciated with contrast 
enhancement. (C) Transaxial non-contrast-enhanced Tl- 
weighted image shows the endometrial implant (arrows), 
which contains a small focus of high SI (small arrow) related to 
hemorrhage. 


perficial vaginal wall. It occurs in 38-91% of females 
with gestational exposure to diethylstilbestrol (DES) .14 
The diagnosis is via colposcopic examination and does 
not require imaging. Histologically, it must be differen- 
tiated from endometriosis. Other benign vaginal prob- 
lems related to DES exposure include a transverse vagi- 
nal septum that often disappears after pregnancy and 
delivery. 


Malignant Conditions 
of the Vagina 


Invasive Squamous Cell Carcinoma 


Invasive squamous cell carcinoma comprises fewer than 
1-2% of female genital tract neoplasms. It is less com- 
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mon than secondary neoplasms to the vagina52 but more 
common than other malignant neoplasms, such as pri- 
mary adenocarcinoma, melanoma, and sarcoma of the 
vagina. It usually involves the anterior and lateral walls of 
the upper two-thirds of the vagina in postmenopausal 
women.53 Upper one-third lesions involve the internal 
pelvic nodes, and lower one-third lesions involve the in- 
guinal nodes52 prior to involving the internal pelvic 
nodal chains. The 2- and 5-year survival rates are 59%53 
and 37%,54 respectively. 

The primary means of diagnosis is the physical exami- 
nation and cytologic evaluation via a Papanicolaou 
smear and subsequent biopsy. Treatment planning de- 
pends on tumor size, location, and FIGO clinical stage.55 

Soft tissue contrast resolution with CT is suboptimal, so 
staging is most effective with MRI55 (Fig. 24.14). Chang et 
al.55 reported the use of MRI for four primary vaginal neo- 
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plasms. MRI correctly staged these lesions by demonstrat- 
ing the tumor location and extent of disease. However, 
more studies are needed to define the role of MRI in the 
staging process. A case of primary vaginal carcinoma was 
also described whereby MRI accurately assessed extension 
of neoplasm into the urethra and bladder.56 

The accuracy of MRI for staging is clearly related to its 
exquisite soft tissue contrast resolution on Tl- and T2- 
weighted images.55.57 With carcinomas limited to the 
vaginal epithelium (FIGO stage I), the normal low SI of 
the vaginal muscularis is preserved on T2-weighted im- 
ages. When there is full-thickness invasion, the low SI 
vaginal wall is disrupted. With involvement of the para- 
vaginal tissues and sparing of the pelvic side wall (FIGO 
stage II), the normal high SI paravaginal fat is lost and 
the interface between the vaginal wall and fat becomes 
indistinct on T1l-weighted images. With pelvic side wall 
invasion (FIGO stage III), the normal low SI of the side 
wall musculature (piriformis, obturator internus, and le- 
vator ani muscles) is disrupted on T2-weighted images. 
T2-weighted images also display disruption of the low SI 
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FIGURE 24.14. Primary vaginal squamous carcinoma. (A) Trans- 
verse T2-weighted image demonstrates a mass with intermedi- 
ate signal intensity (SI) (m) disrupting portions of the low SI 
muscularis of the vagina (arrows). This mass was limited to the 
vagina without paravaginal extension. Incidentally noted is a 
lobulated urethral diverticulum (curved arrow). u = urethra. 
(B) Transverse T2-weighted image in a different patient reveals 
a more circumferential infiltrating carcinoma of the vagina 
(arrow) with full-thickness wall involvement manifested by 
complete loss of the normal low SI vaginal muscularis. 
(C) Transverse contrast-enhanced computed tomogram in a 
third patient with vaginal carcinoma reveals gross thickening of 
the vagina (small arrows). Because of the inferior soft tissue 
contrast resolution, it is difficult to locally stage this neoplasm 
with regard to involvement of the bladder, rectum, or levator 
ani muscles. 


muscularis of the bladder, rectum, and urethra when 
these structures are involved with FIGO stage IV disease. 
The use of intravenous contrast for staging vaginal carci- 
nomas has not been explored. Potential pitfalls include 
less contrast between tumor, vaginal wall, and perivagi- 
nal tissues, as all structures can enhance. 


Metastasis 


Secondary neoplasms of the vagina are more common 
than primary cancers. Metastasis usually occurs through 
direct contiguous involvement from cervical (Fig. 
24.15A,B), uterine, or vulvar (Fig. 24.15C,D) primary 
neoplasms. After hysterectomy vaginal involvement from 
uterine, cervical, and ovarian primaries occurs, possibly 
due to implantation taking place at the time of surgery.52 
Most problematic is recurrence of cervical carcinoma in 
the vaginal cuff following surgery and irradiation, which 
involves the vagina in 20% of cases, often within 2 years 
of treatment.58 Additional primary sites known to metas- 


tasize to the vagina include neoplasms arising from the 
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FIGURE 24.15. Secondary neoplastic involvement of the vagina. 
(A) Sagittal T2-weighted image in a patient with a bulky cervi- 
cal carcinoma (m) that has extended into the posterior vaginal 
fornix with resultant disruption of the low signal intensity (SI) 
posterior vaginal forniceal muscularis (arrows) b = bladder. 
(B) Transverse T2-weighted image in a different patient with 
cervical carcinoma reveals more extensive involvement of the 
vagina due to direct contiguous spread. The mass (small ar- 
rows) is of intermediate SI and has extended beyond the 
vagina, displacing the urethra anterolaterally (curved arrow). 


ovary, rectum, and urinary tract.57 Although recurrent 
tumor (Fig. 24.16) and vaginal metastasis can be diag- 
nosed with CT,59 metastatic disease to the vagina is pri- 
marily diagnosed with MRI. Chang et al.55 reported a 
sensitivity and specificity of 95% and 90%, respectively, 
with an accuracy of 92% in 22 patients with metastases 
and 8 patients with tumor recurrence. Although MRI re- 
liably excluded vaginal involvement with a 97% negative 
predictive value, false-positive interpretations occur ow- 
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In addition, the mass is extending beyond the levator ani mus- 
cles (large arrow) on the left with extension to the pelvic side 
wall. Incidentally noted is low SI within the vaginal lumen due 
to the presence of a vaginal tampon (t). (C) Transverse 
contrast-enhanced CT scan in a patient with vulvar melanoma 
shows a large mass (M) involving the vulva with extension ante- 
riorly toward the clitoris (arrow). (D) On a higher section 
there is cephalad extension of the mass (m) with involvement 
of the vagina. 


ing to the presence of inflammation and congestion, 
yielding an 84% positive predictive value. The diagnosis 
with MRI is made by noting the presence of a mass of 
high SI on T2-weighted images that disrupts the normal 
low SI of the vaginal wall. The superior soft tissue con- 
trast resolution of MRI (Fig. 24.17) also enables differen- 
tiation of mature fibrosis from recurrent tumor by not- 
ing a low SI of fibrotic tissue and a higher SI of recurrent 
tumors on T2-weighted images. 
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FIGURE 24.16. Vaginal melanoma recurrence seen by computed 
tomography (CT). (A) Transverse contrast-enhanced CT scan 
in a patient with a history of vaginal melanoma after anterior 
pelvic exenteration revealed absence of the bladder and vagina 
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with bowel loops identified within the postoperative bed (ar- 
rows). (B) A 2-year follow-up contrast-enhanced CT scan re- 
veals extensive tumor recurrence within the postoperative bed 
(small arrows). 


FIGURE 24.17. Primary vaginal clear cell sarcoma. (A) Coronal 
T2-weighted image reveals a rounded large high signal inten- 
sity (SI) mass (large arrows) involving the left vaginal fornix 
and displacing the cervix (c) toward the right. The low SI mus- 
cularis of the right vaginal wall (small arrows) is clearly identi- 
fied. (B) Transverse T2-weighted image after completion of 
chemotherapy reveals a small residual high SI mass (arrow) 
consistent with a persistent neoplasm. It does not result in con- 
tour deformity, and thus it is the high SI of the mass that results 
in its high conspicuity. Following confirmation of persistent tu- 
mor with biopsy, the mass was surgically resected. (C) Follow- 
up transverse T2-weighted image reveals no recurrence. Low SI 
in the left vaginal fornix (arrow) is due to postoperative fibro- 
sis. Edema (small arrows) involves the left obturator internus 
muscle due to irradiation. 
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Miscellaneous Primary Malignant Neoplasms 


Additional primary malignant neoplasms of the vagina 
include clear cell adenocarcinoma, melanoma, lym- 
phoma, endodermal sinus (yolk sac) tumor, embryonal 
rhabdomyosarcoma, and other sarcomas such as leio- 
myosarcoma. 

Clear cell adenocarcinoma (CCA) involves the vagina 
more commonly than the cervix, with a peak occurrence 
at 19 years of age (range 7—30 years) .60 Roughly 62-75% 
of patients with CCA have a history of exposure to DES. 
The risk of developing CCA for a woman exposed to 
DES is 1 per 1000. The tumors are polypoid, nodular, 
flat, or ulcerated!4 and are usually friable and bleed eas- 
ily. The 5-year survival is 80-90%14 for stage I and 0% for 
stage IV. Vaginal adenosis is nearly always present in 
these neoplasms. The treatment varies depending on the 
initial staging. Diagnosis is via physical examination and 
biopsy. There has been one report in the recent litera- 
ture describing the use of MRI for diagnosis and stag- 
ing6!; unfortunately, MRI was able to identify CCA in 
only one of six cases. The diagnosis was made utilizing 
T2-weighted and contrast-enhanced T1-weighted MRI. 

The vagina is an infrequent site for primary malignant 
melanoma. Probably due to in utero migration of 
melanoblasts,52 it is primarily a disease of post- 
menopausal women that usually affects the lower one- 
third of the vagina. CT62 and MRI63 features have been 
described. A nonspecific soft tissue mass is seen on CT. 
On Tl-weighted MRI the two cases described in the liter- 
ature had areas of high SI due to the paramagnetic ef- 
fects of melanin pigment or methemoglobin within he- 
morrhagic regions. Imaging of vaginal melanoma is 
important for determining the extent of neoplasm and 
the presence of lymphadenopathy. Prognostic indicators 
of genital tract melanoma are similar to those of cuta- 
neous melanoma, with a good prognosis for lesions less 
than 0.75 mm thick and a poor prognosis for those 
thicker than 3 mm.62 

Primary lymphoma of the female genital tract is rare. 
The ovaries and uterus are involved more commonly 
than the vagina.64 Imaging features have been described 
using US, CT, and MRI.65 As with lymphomas involving 
other sites, vaginal lymphoma has medium to low 
echogenicity on US. With CT, they tend to be bulky 
masses with a density similar to that of muscle. On MRI 
the reported mass was imaged after chemotherapy, 
which resulted in a decrease in tumor signal on T2- 
weighted images due to fibrosis and decreased cellular- 
ity. Imaging is needed for patient management: for stag- 
ing and to monitor the response to treatment. CT of the 
thorax, abdomen, and pelvis is recommended for initial 
staging. MRI may provide a means for following tumor 
response by monitoring tumor size and signal on T2- 
weighted images. 
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The endodermal sinus (yolk sac) tumor of infancy usu- 
ally arises from the ovary or testes, but on rare occasions 
it arises from the vagina®6.67 or vulva. With vaginal origin, 
the tumor usually involves the posterior vaginal wall or 
fornix. It is a highly malignant neoplasm carrying a poor 
prognosis; less than 25% two-year survival. A disease-free 
interval beyond 2 years reported in the literature ap- 
pears to be related to a treatment consisting of com- 
bined chemotherapy, irradiation, and surgery. The use 
of MRI for staging this neoplasm was first reported by 
Imai et al.66 MRI accurately resolved the vaginal wall, tu- 
mor size, and extent. The tumor produces a-fetoprotein, 
which can be used to monitor therapy and follow pa- 
tients. 

Embryonal rhabdomyosarcoma or sarcoma botryoides#! 
arises from undifferentiated muscle cells, with 90% of 
the tumors found in patients under 5 years of age. This 
malignant neoplasm usually involves the anterior vaginal 
wall and spreads within the pelvis via direct contiguous 
invasion or the lymphatics to regional lymph nodes. Dis- 
tant sites of metastasis include the liver and lung. 


Postsurgical and Postradiation 
Changes of the Vagina 


Radical surgery and radiation therapy have been success- 
fully used to treat vaginal malignancies, and in some 
cases the techniques are combined in an attempt to ef- 
fect a cure. Influencing factors are the size and location 
of the tumor and the medical condition and preference 
of the patient.68 


Postsurgical Changes 


Up to one-third of the superior vaginal length is resected 
during a radical hysterectomy, but vaginal augmentation 
is not required as the capability of sexual function is pre- 
served.69 In patients undergoing anterior or total pelvic 
exenteration who wish to maintain the ability to have 
sexual intercourse, a neovagina or vaginal substitute is 
needed. A segment of sigmoid colon is usually mobilized 
for this purpose and is anastomosed to the perineum. 
Mucous secretions act as a lubricant, facilitating inter- 
course. 

With MRI the neovagina (Fig. 24.18) appears as a lin- 
ear, or slit-like, structure with medium SI. Whereas the 
normal vagina runs transversely within the urogenital tri- 
angle, the neovagina runs anteroposteriorly in a midline 
position medial to the levator ani muscles. Additionally, 
the normal urethra is absent. 

Alternative surgical methods of creating a neovagina 
after pelvic exenteration include gracilis myocutaneous 
and rectus abdominis myocutaneous flaps.70.71 In the 
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FIGURE 24.18. Neovagina. Axial proton density weighted MR 
image demonstrates an interposed segment of colon (arrows) 
within the vaginal bed following anterior pelvic exenteration. It 
is oriented anteroposteriorly instead of transversely. r = rectum; 
p = puborectalis. 
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case of a gracilis myocutaneous flap reconstruction, the 
gracilis muscles, including the skin and subcutaneous fat 
from the inner aspect of each thigh, are raised and ro- 
tated on their neurovascular pedicle; they are then tun- 
neled under the skin into the pelvic space to create a 
neovagina. 

Epstein et al.71 described the CT findings, which in- 
clude atrophy of the gracilis muscle, presumably due to 
its denervation and lack of function. A small soft tissue 
mass was noted posterior to the symphysis pubis, repre- 
senting the neovagina. Air within the muscle flap is a 
normal finding during early postoperative CT examina- 
tions. Complications include small bowel fistulas and 
fluid collections behind the symphysis pubis and in the 
presacral region posterior to the neovagina. 

When a rectus abdominis myocutaneous flap is used, 
the flap is constructed from the cephalic portion of the 
rectus abdominis, the superior epigastric artery is li- 
gated, and the flap is rotated around its inferior epigas- 
tric vascular pedicle and passed through a peritoneal in- 
cision into the pelvis. On CT it appears as a unilateral 
arcuate band of soft tissue extending from the linea alba 
to the sacrum or, if an anterior exenteration has been 
performed, to the perirectal fascia.70 The graft that 
forms the neovagina is completely surrounded by fat. In- 


FIGURE 24.19. Vaginal cuff neoplastic recurrences. (A) Axial 
contrast-enhanced CT scan from a patient after hysterectomy for 
ovarian carcinoma reveals a subtle enhancing mass (small ar- 
rows) involving the left vaginal fornix due to vaginal cuff recur- 
rence. Transverse T1 (B) and T2 (C) images in a different pa- 
tient after hysterectomy for endometrial carcinoma reveals a 
large vaginal cuff recurrence (arrows). Note the higher signal 
intensity (SI) on the T2-weighted image, which results in disrup- 
tion of the normal low SI vaginal muscularis (curved arrow). 
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travaginal air, when present, is normal. Asymmetric thin- 
ning of the abdominal wall at the donor site may be ob- 
served and is an area of potential hernia formation, with 
a prevalence of about 3%. Fluid collections, abscess for- 
mation, and breakdown of the neovagina constitute the 
abnormal CT findings. 

The vagina is a common site for recurrent cancer after 
hysterectomy (Fig. 24.19). It usually occurs with cervical 
carcinoma but may also be seen with endometrial and 
rarely ovarian cancer. During an abdominal hysterec- 
tomy, the vagina is transected near its junction with the 
uterus and subsequently repaired by suturing its apex. 
The repaired vaginal apex is termed the vaginal cuff. It is 
an area of potential tumor recurrence where special at- 
tention is given to the evaluation of posthysterectomy pa- 
tients. A normal vaginal cuff is confirmed by visualizing 
a smooth, low SI muscularis on T2-weighted images. If 
there is tumor involvement, it presents as an area of high 
SI, obliterating the vaginal muscularis on T2-weighted 
images. In the series of Brown et al. a significant portion 
of patients had a vaginal cuff with a nodular appearance, 
mimicking masses on Tl-weighted images.72 This situa- 
tion is explained by the fact that the outer connective tis- 


FIGURE 24.20. Acute and chronic irradiation changes of the 
vagina. Axial Tl- (A) and T2-weighted (B) images in a patient 
after pelvic irradiation reveals moderate thickening of the 
vagina with increased signal intensity (SI) on T2-weighted im- 
ages due to postirradiation edema seen during the acute phase 
(open arrows). The rectal wall is also thickened and edema- 
tous. (C) Axial T2-weighted image from a different patient fol- 
lowing pelvic irradiation for cervical carcinoma reveals the 
chronic phase with marked atrophy of the vagina (arrows) with 
low SI. The higher SI vaginal epithelium is not identified. 
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sue layer of the vaginal wall often has an irregular con- 
tour after hysterectomy. 

Magnetic resonance imaging offers advantages over 
physical examination and CT because it can differentiate 
fibrotic tissue from grossly recurrent tumor.73-75 This 
point is important for patients who have undergone rad- 
ical hysterectomy or radiation therapy, as there is often a 
fibrotic mass in the vaginal apex. Although MRI can dif- 
ferentiate between fibrotic tissue and recurrent tumor, it 
is limited in terms of differentiating tumor from chronic 
inflammation. The value of MRI in assessing metastatic 
or recurrent tumor, however, appears to be the exclusion 
of disease .55 


Postradiation Changes 


Although the aim of radiation therapy is to destroy neo- 
plastic cells, organs included in the radiotherapy field 
may suffer radiation-induced changes. Concurrent 
surgery or chemotherapy increases the risk of radiation 
toxicity,69 although the degree of radiation injury and 
the development of clinical symptoms vary among indi- 
viduals. 
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FIGURE 24.21. MR-guided treatment planning for vaginal cuff 
recurrences. After transperineal placement of catheters via a 
perineal template, an MRI scan is obtained to assess catheter 
location prior to loading. Sagittal proton density (A), coronal 
proton density (B), and axial contrast-enhanced T1-weighted 
(C) images reveal optimal positioning of the catheters with re- 
spect to the tumor wall. The contrast-enhanced study depicts 
the central low signal intensity tumoral necrosis (arrow). The 
use of contrast is helpful for defining the necrotic from more 
viable components of the tumor. In a different patient, sagittal 
proton density (D) and axial contrast-enhanced T1-weighted 
(E) images reveal suboptimal placement of catheters clustered 
within the posterior wall of the tumor (arrows). Note the ec- 
topic placement of several catheters within the right obturator 
internus muscle (curved arrow). 


24. CT and MRI of Benign and Malignant Conditions of the Vagina 


Radiation-induced reactions are classified as acute, 
subacute, and chronic. Acute reactions occur during ra- 
diation treatment and up to several weeks after its com- 
pletion. Subacute reactions are seen several weeks after 
irradiation to 1 year after treatment, and chronic reac- 
tions commence more than 1 year after institution of 
therapy.69 

Acute radiation effects are noted most often in small 
blood vessels in the form of endarteritis and increased 
endothelial permeability, which results in the formation 
of interstitial edema and congestion. Chronic radiation 
toxicity is caused by ischemia and fibrosis, resulting in 
impaired organ function or stricture formation.’6 

With the acute and subacute phases of radiation- 
induced toxicity, the wall of the vagina exhibits increased 
SI on T2-weighted images (Fig. 24.20B), which is attrib- 
uted to edema and early inflammatory changes.69 With 
the chronic phase, as fibrosis develops the vagina be- 
comes atrophic and its wall exhibits homogeneous low SI 
(Fig. 24.20C) on all imaging sequences. Intravenous ad- 
ministration of MRI contrast medium can cause en- 
hancement of the postradiation vaginal tissue even 2 
years after the radiation exposure.’” The high-SI post- 
radiation changes in the vagina during the acute and 
subacute phases are important to recognize, as they can 
be confused with residual or recurrent tumor. 

Because of its superior contrast resolution, MRI is used 
to detect tumor recurrence after radiotherapy and to 
evaluate internal radiotherapy devices regarding their 
optimal or suboptimal placement. Optimal or subopti- 
mal placement of transperineal radiotherapy devices can 
be evaluated with MRI because their acrylic construction 
permits its use. Such a device is the Martinez universal 
perineal interstitial template (MUPIT), which is used in 
combination with external beam irradiation to treat lo- 
cally advanced or recurrent malignancies of the cervix, 
vagina, female urethra, prostate, or anorectal region.78 
The multiplanar capabilities of MRI allow demonstration 


of the radiotherapy catheters in respect to the tumor 
boundaries (Fig. 24.21). 
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Infertility is typically defined as the inability to conceive 
after unprotected intercourse for at least 1 year. Approx- 
imately 15% of couples attempting their first pregnancy 
meet with failure during that time.! Surveys of infertility 
have shown that approximately one-third of infertility is 
due solely to a male factor and another 20% results from 
combined female and male factors.2.3 Thus a male factor 
is either the exclusive cause or a contributory cause of 
infertility in approximately 50% of all infertile couples. 
Consequently, a systematic, rational, comprehensive ap- 
proach is mandatory to exclude all possible correctable 
causes of male infertility. 

New diagnostic techniques have emerged that allow 
the physician to define previously obscure male factors. 
Certainly, the advent of ultrasonography has revolution- 
ized the approach to the infertile male. In this chapter 
we describe comprehensive evaluation of the infertile 
male and review the current status of imaging in regard 
to male infertility. 


Evaluation of the Infertile Man 


As for any human pathologic process, a thorough and 
specific history is necessary to direct the diagnostic eval- 
uation of male infertility. Ideally, both partners are pres- 
ent for the initial interview, as all pertinent information, 
including female factors, should be discussed. Although 
many have recommended that a clinical evaluation of an 
infertile couple be postponed until the couple has at- 
tempted unprotected intercourse for 1 year, we believe 
the initial screening of the man should be considered 
whenever the patient seeks treatment for infertility. The 
initial evaluation should be rapid, noninvasive, and cost- 
effective. The history begins the evaluation. 


History 


The history is initiated with questions about the age of 
the partners, the length of their relationship, and the 
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duration of their infertility. In addition, it is important to 
determine when birth control methods were discontin- 
ued or if birth control was ever used during their rela- 
tionship. It is not uncommon to learn that a couple has 
had unprotected intercourse for a period much longer 
than the time they have been actively trying to conceive. 
Consequently, the duration of their infertility may be 
much longer than initially reported. A description of 
previous pregnancies with present or past partners is es- 
sential; and documentation of live births, spontaneous 
abortions, and elective terminations is important. The 
number and extent of previous evaluations of the man 
for infertility should be noted so testing is not unneces- 
sarily duplicated. 

At this first meeting the woman’s fertility status also 
should be discussed. Menstrual irregularities, anovula- 
tion, or previous tubal surgeries may point toward a sig- 
nificant female factor. Establishing whether the female 
partner has consulted a gynecologist or reproductive en- 
docrinologist, has taken fertility medications, or has un- 
dergone hysterosalpingography or laparoscopy is impor- 
tant. Future evaluation and treatment of the couple may 
need to be coordinated with the woman’s physician (for 
details see Chapter 26). 

The subject of sexual habits must also be addressed 
during the initial history. The most common sexual 
problems encountered in this patient population are a 
misunderstanding of the timing of ovulation and inter- 
course (too often or not often enough). Many couples 
do not realize that the optimal time for intercourse is 
midcycle, and that the most effective frequency of inter- 
course is every 48 hours. Because sperm survival in nor- 
mal cervical mucus is approximately 2 days, this coital 
frequency ensures the presence of viable spermatozoa 
during the 12- to 24-hour period during which the egg is 
within the fallopian tube and capable of being fertilized. 
It is also important to discuss coital techniques with the 
husband. He should avoid the use of certain lubricants 
during intercourse, as many substances are spermato- 
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toxic. Commonly used substances, such as K-Y Jelly, 
Surgilube, Keri Lotion, and saliva, cause impaired sperm 
motility.1.4-6 Vaginal lubricants, such as Replens and As- 
troglide, do not impair sperm motility and can be used if 
a lubricant is desired. Too-frequent periovulatory mas- 
turbation, which can deplete the sperm reserve, should 
be discontinued.’ A history of inability to achieve or 
maintain an erection and a history of premature or diffi- 
cult ejaculation are also noted during the initial inter- 
view. 

A history of specific childhood illnesses or congenital 
anomalies may be important for evaluation of the subfer- 
tile man (Table 25.1).1 It has been shown in men born 
with bilateral or unilateral undescended testes that, re- 
gardless of the time of orchiopexy, overall semen quality 
is less than that found in men born with descended 
testes.8 In patients with a unilateral undescended testis, 
the defect in spermatogenesis is present not only in the 
undescended gonad but also in the descended contralat- 
eral gonad. A history of testicular (spermatic cord) tor- 
sion has also been associated with decreased fertility.9 It 
has been suggested that torsion of one spermatic cord 
may affect spermatogenesis in both testes, even if the 
unilateral torsion has been surgically repaired.10 Prepu- 
bertal mumps does not appear to affect the testes, al- 
though among men who have experienced mumps after 
the onset of puberty 30% have unilateral orchitis and 
10% bilateral orchitis.1!1 Furthermore, the testicular 
damage can be severe and should be readily appreciated 
on physical examination, as the involved gonad is 
markedly atrophic. 

Two groups of patients are emerging who, because of 
previous diseases, are highly likely to be infertile. One in- 
cludes those men who have had operative correction (Y- 
V-plasty) of the bladder neck during childhood. Al- 
though this surgical procedure is no longer commonly 
performed, this patient population is now at that time of 
life when conception is most likely desired. Because the 
bladder neck surgery has ablated the internal sphincter 
in these men, they often have retrograde ejaculation. 
This condition should be suspected in the man who 
gives a history of bladder surgery and whose ejaculate 
volume is less than 1 ml, oligospermic or azoospermic, 
and abnormally acidic. The diagnosis is confirmed by a 
finding of a large number of sperm [10-15 per high 
power field (HPF)] in the uncentrifuged postejaculate 
urine. A second group of patients who present for infer- 
tility evaluation are those cured of testicular cancer. The 
infertility rate in this group has been estimated to be 
more than 80%. Their infertility is secondary to the se- 
quelae of chemotherapy, radiotherapy, retroperitoneal 
lymph node dissection (RPLND), or a combination of 
the three. Frequently, the function of their contralateral 
“normal” testis is impaired prior to the institution of 
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TABLE 25.1. Infertility history 


History of infertility 
Duration 
Prior pregnancies 
Present partner 
Another partner 
Previous treatments 
Evaluation and treatment of wife 


Sexual history 
Potency 
Lubricants 
Timing of intercourse 
Frequency of intercourse 
Frequency of masturbation 


Childhood and development 
Undescendend testes, orchiopexy 
Herniorrhaphy 
Y-V-Plasty of bladder 
Testicular torsion 
Testicular trauma 
Onset of puberty 


Medical history 
Systemic illness (i.e., diabetes mellitus, multiple sclerosis) 
Previous/current therapy 


Surgical history 
Orchiectomy (testis cancer, torsion) 
Herniorrhaphy 
Retroperitoneal injury 
Pelvic injury 
Pelvic, inguinal, or scrotal surgery 
Y-V-Plasty, transurethral resection of prostate 


Infections 
Viral, febrile 
Mumps orchitis 
Venereal 
Tuberculosis, smallpox (rare) 


Gonadotoxins 
Chemicals (pesticides) 
Drugs (chemotherapeutic, cimetidine, sulfasalazine, nitrofurantoin, 
alcohol, marijuana, cocaine, andreogenie steroids) 
Thermal exposure 
Radiation 
Smoking 


Family history 
Cystic fibrosis 
Androgen receptor deficiency 


Review of systems 
Respiratory infections 
Anosmia 
Galactorrhea 
Impaired visual fields 


From Sigman et al.,! with permission. 
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therapy.!2 The prognosis regarding semen quality is un- 
certain if less than 4 years has elapsed since treatment, 
because the return of function to the irradiated or 
chemotherapeutically exposed gonad may take as long 
as 4—5 years.13-15 The patient who had RPLND with in- 
terruption of the sympathetic nodal chain or its periph- 
eral long nerves (sacral plexus, hypogastric nerve), may 
show either aspermia with lack of emission or, less fre- 
quently, retrograde ejaculation.16 

As with any patient history, a review of past and pre- 
sent medical diseases should be included. Specifically, 
cystic fibrosis is associated with a high percentage of ab- 
normalities of the vas and epididymis.!7 The population 
of men suffering from congenital bilateral absence of 
the vas deferens has also been found through DNA ge- 
netic testing to carry the cystic fibrosis trait in approxi- 
mately two-thirds of such cases.18 Such individuals gener- 
ally show none of the stigmata of cystic fibrosis and 
potentially are treatable by microsurgical retrieval of epi- 
didymal sperm in combination with in vitro fertilization 
(IVF) and micromanipulation.!9 

A history of recurrent upper respiratory tract infec- 
tions or bronchiectasis may lead to the diagnosis of the 
immotile-cilia syndrome or Young syndrome. With 
Young syndrome, inspissated material in the epididymis 
produces an obstructive azoospermia. Spermatozoa 
proximal to this lesion, however, are normal and 
motile.20 The immotile cilia syndrome is a heteroge- 
neous group of disorders characterized by ultrastruc- 


John R. Harding, John A. Greer, Larry I. Lipshultz, and Barry D. Toombs 


tural defects of the cilia.20.21 With this syndrome the 
spermatozoa have the same structural defect as the cilia 
and are immotile. Individuals with Kartagener syndrome 
have the same ciliary defect but also have situs inversus.?1 

Precocious sexual puberty may indicate endocrino- 
logic dysfunction, such as congenital adrenal hyperplasia 
(CAH), which has historically been cited as a cause of de- 
creased fertility potential.22 It should be noted, however, 
that Urban et al. described five untreated adult men 
with CAH whose fertility was normal.23 A family history 
of diabetes mellitus may be relevant because diabetes 
can cause lack of emission or retrograde ejaculation. In- 
deed, a history of decreased ejaculate volume can be a 
clue to this disease.24 There may be a family history of 
end-organ androgen insensitivity (i.e., partial androgen 
receptor defect), as seen in Reifenstein syndrome. A his- 
tory of delayed sexual maturation or anosmia can lead 
the alert clinician to a diagnosis of Kallmann syndrome, 
with its associated hypogonadotropic hypogonadism. 
The patient should be questioned about trauma to the 
genitourinary organs or previous scrotal or inguinal 
surgery, including pediatric herniorrhaphy, as obstruc- 
tion or iatrogenic occlusion of the inguinal or pelvic vas 
deferens can result from these operations or from 
trauma (Fig. 25.1). Previous episodes of venereal disease 
may be associated with urethral strictures and vasal or 
epididymal obstruction. In addition, though uncom- 
mon, tuberculosis can lead to scarring of the epididymis 
and vas deferens. 
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FIGURE 25.1. Left (A) and right (B) vasograms from an azoospermic man who had bilateral ureteral reimplants at age 8. Note the 
bilateral abrupt pelvic cutoff of the vas deferens, likely secondary to an injury during his ureteral surgery. 
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The history should include a detailed inquiry into ex- 
posure to drugs, environmental toxins, or significant ex- 
posure to radiation that may interfere with spermatogen- 
esis. These factors can cause a direct gonadotoxic effect 
or an indirect effect through alterations in the en- 
docrine system. Lipshultz et al. reported a reversible ef- 
fect of a pesticide, dibromochloropropane (DBCP), on 
gonadal function.25 Once azoospermia has occurred, a 
reversal to normal spermatogenesis is unlikely. 

Various medications have been implicated as potential 
gonadotoxins. Sulfasalazine, a medication used for in- 
flammatory bowel disease, commonly leads to oligoas- 
thenoteratospermia. These effects are typically reversible 
after discontinuation of the drug. A newer alternative, 
mesalamine, should be used whenever possible, as no 
obvious associated gonadotoxic effects have been noted. 
Other medications, including cimetidine, nitrofuran- 
toin, spironolactone, valproic acid, colchicine, and allo- 
purinol, can also lead to reversible negative effects on 
seminal parameters. An addition to the spermatotoxic 
medications includes calcium channel blockers. These 
medications may not result in diminished bulk semen 
parameters, but they affect the ability of ejaculated 
sperm to fertilize (i.e., sperm function).26 Ingestants 
such as tobacco, alcohol, marijuana, and cocaine are also 
spermatotoxic. Although the etiology is controversial, 
effects may be directed at either the hypothalamic- 
pituitary-gonadal (HPG) axis or directly at the testicular 
level.27 Lastly, the use of exogenous androgens or ana- 
bolic steroids may depress gonadotropin secretion and 
interfere with normal spermatogenesis. The growing use 
of anabolic steroids by young male athletes makes this 
factor an area of increasing concern.28 If a patient is tak- 
ing any of these medications or is exposed to any of the 
ingestants, attempts should be made to change or dis- 
continue their use. A repeat semen analysis can be per- 
formed at 3-4 months. 

Any generalized metabolic insult (e.g., fever or vire- 
mia) can cause impaired testicular function, although 
the effects may not appear in the ejaculate for 1-3 
months after the gonadotoxic event because of the time 
required for spermatogenesis. Approximately 74 days 
pass between the initiation of type B spermatogonia and 
the appearance of mature spermatozoa in the ejaculate. 
Including transit time in the ductal system, the duration 
from the beginning of spermatogenesis to ejaculation is 
approximately 3 months. The time lapse between the in- 
jurious event and the appearance of abnormal cells in 
the ejaculate varies, depending on the stage of the sper- 
matogenic process affected. For that reason, if a patient 
gives a history of significant medical problems during 
the 3 months prior to his first office visit, and if the 
analysis shows subnormal semen quality, the evaluation 
should be repeated at monthly intervals for 4-6 months 
before a decision is made regarding the quality of sperm 
production. 
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Finally, a thorough review of systems is performed, 
with emphasis on the genitourinary and endocrine sys- 
tems. A history of anosmia, galactorrhea, impaired visual 
fields, or a marked or sudden decrease in libido along 
with infertility may indicate a pituitary tumor, and mag- 
netic resonance imaging (MRI) of the head is then indi- | 
cated. 


Physical Examination 


An examination of the infertile male includes a focused 
genital examination and an assessment of overall physi- 
cal well-being. Attributes such as physical stature, body 
hair distribution, and breast size give a picture of the en- 
docrine balance in the man. Abnormalities such as short 
stature, gynecomastia, and improper virilization suggest 
hypogonadotropic hypogonadism. 

Palpation of the penile shaft for plaques is important if 
the patient describes penile curvature. Urethral meatus 
position should be noted. Ventral malposition or hy- 
pospadias may result in improper placement of the ejac- 
ulate within the vaginal vault. Any penile discharge 
should be inspected microscopically as well as cultured 
for Neisseria gonorrhoeae and Chlamydia trachomatis. 

After inspecting the penis, the scrotal contents should 
be carefully examined. A systematic examination of the 
testes, epididymides, vasa deferentia, and spermatic 
cords is essential. Although the examination can be per- 
formed with the patient in the supine position, having 
the patient stand upright allows inspection for varico- 
celes. The testicles should be symmetric in size, shape, 
and consistency. Any asymmetry should be noted (Fig. 
25.2). Orchidometers are commercially available that 
measure testicular length and width in millimeters or 
that estimate testicular volume in cubic centimeters. No 
matter what type of orchidometer is used, the testicular 


FIGURE 25.2. Testicular examination demonstrating left testicu- 
lar atrophy. 
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size must be recorded for each testicle because it has been 
shown that a decrease in testicular size is often associated 
with impaired spermatogenesis.29 This is not surprising, as 
85% of the testicle is involved in spermatogenesis. As the 
germinal epithelium atrophies, a loss in testicular size or 
mass occurs. Standard testicular size is a length greater 
than 4 cm and volume greater than 20 cc.30 

The peritesticular area is examined next. The epi- 
didymis is superior and posterior to the testicle. Similar 
to the testicles, the epididymides should be symmetric in 
size, shape, and consistency. Any induration, irregularity, 
or development of cystic areas could result in partial or 
complete obstruction of the epididymis. Transcrotal illu- 
mination with a penlight may assist in defining a sperma- 
tocele or epididymal cyst. 

Examination of the spermatic cord and palpation for 
the vasa deferentia follow the testicular and epididymal 
examinations. The vas deferens should be present bilat- 
erally. It is easily palpated, as it is similar to a coat hanger 
wire in texture but much more flexible and mobile. Con- 
genital absence of the vas deferens should be deter- 
mined on physical examination, not on sonographic or 
surgical exploration. Finally, with the patient still upright 
and ideally in a warm room, the spermatic cord is pal- 
pated for the presence of a varicocele. The cord is pal- 
pated between the thumb anteriorly and the index and 
middle fingers posteriorly (Fig. 25.3). Obvious, large 
varicoceles can be seen before palpation and have been 
classically described in appearance as a “bag of worms.” 
Smaller varicoceles are more subtle. A Valsalva maneuver 
while palpating the cords may suggest a small varicocele. 
An “impulse” or an enlargement in venous diameter can 
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FIGURE 25.3. Technique for palpating a varicocele with demon- 
stration of a left varicocele. 
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often be detected after an increase in abdominal pres- 
sure. A difficult examination secondary to an enlarged 
cord or obesity of the patient may result in an equivocal 
examination. Sonography is helpful and is discussed 
later in this chapter. A discussion of “subclinical varico- 
celes” or clinically nonpalpable varicoceles is also pre- 
sented at that time. 

A scrotal varicocele is the most common surgically re- 
versible abnormality found in the subfertile man.31 
Whereas approximately 15-20% of the normal popula- 
tion have scrotal varices, the number approaches 40% in 
subfertile men.32 Not all varicoceles require surgical cor- 
rection. However, if there is scrotal discomfort secondary 
to this lesion, if the testis ipsilateral to the scrotal varix is 
found to be atrophic, or if there is reasonable suspicion 
that impaired semen quality is related to the presence of 
the varicocele, surgery should be considered. Bilateral 
varicoceles occur more frequently than previously re- 
ported; if the indications cited above are present, bilat- 
eral varicoceles are repaired concomitantly. 

A rectal examination is performed to evaluate the 
prostate and seminal vesicles. Normally, the seminal vesi- 
cles are not palpable, and the prostate is firm. Palpable 
seminal vesicles or a midline prostatic cyst suggests ejacu- 
latory duct obstruction and may require transrectal ul- 
trasonography (TRUS) for verification. A complete de- 
scription of TRUS for male infertility appears later in 
this chapter under imaging. 


Endocrine Evaluation 


After completion of the history and physical examina- 
tion, an evaluation of the HPG axis is undertaken (Fig. 
25.4). Hormones produced by the anterior pituitary in- 
clude follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), and prolactin (PRL). These hormones, 
as well as testosterone, produced by the Leydig cells 
within the testicle, are routinely evaluated in men seek- 
ing treatment for infertility. 

The hypothalamus serves as the integrative and dri- 
ving center of the HPG axis. Pulsatile secretion of 
gonadotropin-releasing hormone (GnRH) results in se- 
cretion of LH and FSH from the anterior pituitary. 
GnRH is positively controlled by higher brain center 
stimuli and negative feedback from the anterior pitu- 
itary. GnRH is not routinely measured owing to its short 
half-life of 5-7 minutes and pulsatile secretion. 

Within the anterior pituitary FSH, LH, and PRL are se- 
creted. FSH is the single most important endocrine eval- 
uation, as FSH stimulates the Sertoli cells to assist in 
spermatogenesis. An elevated FSH level is an indicator of 
dysfunction in spermatogenesis within the testicle. Clas- 
sically, an FSH level more than three times normal was 
believed to indicate irreversible, severe spermatogenic 
failure, but a 1994 review has disproved this “time- 
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FIGURE 25.4. Hypothalamic-pituitary- 
gonadal (HPG) axis. GnRH = 
gonadotropin-releasing hormone; LH 
= luteinizing hormone; FSH = follicle- 
stimulating hormone; T = testos- 
terone; Es = estradiol. 


honored” theory.33 The LH level also serves as an indica- 
tor of testicular function. LH stimulates the Leydig cells 
to produce testosterone. An elevated LH level indicates 
either primary testicular failure or unusual androgen re- 
sistance within the testicle. LH can also be elevated if ex- 
ogenous sources, in the form of human chorionic go- 
nadotropin (hCG), are being administered. Together, 
FSH and LH serve as excellent indicators of testicular 
function. A third hormone produced by the anterior pi- 
tuitary, PRL, can also affect male fertility. Although hav- 
ing a much less direct influence on spermatogenesis and 
testicular function, PRL, when elevated, can alter go- 
nadotropin pulsatility by interfering with GnRH release. 

At the testicular level, testosterone 1s produced by Ley- 
dig cells. Testosterone is important not only for male sex- 
ual function and virilization but also for male fertility. 
Testosterone serves as an important influence on sper- 
matogenesis and plays an important role in negative 
feedback in the HPG axis. A summary of common find- 


ings in the endocrine status of the infertile male is pre- 
sented in Table 25.2. 


Semen Analysis 


Semen analysis is an intrinsic part of the evaluation of 
the infertile man. The typical semen analysis describes 


TABLE 25.2. Endocrine evaluation of the infertile man 


LEYDIG CELLS 


44] 
HIGHER CENTERS 
Neurotransmitters (+) 
HYPOTHALAMUS 
GnRHG) 
PITUITARY 
LH/ (+) (+) FSH 
Inhibin [-] 
Co» 
C yn ~~ 
C Dan 
Seminiferous Tubule Sperm 


seminal volume, sperm density, sperm motility, sperm 
morphology, and the forward progression of motile 
sperm (Table 25.3).1 Basic terminology of abnormal 
seminal parameters includes azoospermia—absence of 
sperm within the ejaculate; oligospermia—decreased sperm 
concentration; asthenospermia—decreased sperm motil- 
ity; and teratospermia—increased numbers of morpholog- 
ically abnormal sperm. 

Semen for analysis is obtained through masturbation 
after 48—72 hours of abstinence. If a sample cannot be 
collected by masturbation for personal or religious rea- 
sons, seminal collection devices are available to collect 
semen during intercourse. At least two semen samples 
should be obtained to establish a baseline for the pa- 
tient, as a variation in seminal parameters is common 
from one analysis to another. Additional testing for anti- 
sperm antibodies and for the presence of white blood 
cells is not uncommon. We test for antisperm antibodies 
using the immunobead test if sperm agglutination or un- 
explained decreased motility is present.34,35 White blood 
cells are assayed using a monoclonal antibody test.36 We 
evaluate the semen for white blood cells when many 
round cells are present in the ejaculate and if symptoms 
of genitourinary infection are present. | 

Once the semen analyses are performed, the results 
are tabulated along with abnormal historical, physical, 


Diagnosis FSH LH Testosterone Prolactin 
Normal Normal Normal Normal Normal 
Hyperprolactinemia Low/normal Low Low High 
Primary testis failure High High Low/normal Normal 
Hypogonadotropic hypogonadism Low Low Low Normal 


FSH = follicle-stimulating hormone; LH = luteinizing hormone. 
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TABLE 25.3. Semen analysis: minimal standards of adequacy 


On at least two occasions 


Ejaculate volume 1.5-5.0 ml 
Sperm density >20 million/ml 
Percent motility >60% 


>2 (scale 0-4) 
>60% normal forms 


Forward progression 
Morphology 


Plus 
No significant sperm agglutination 
No significant pyospermia 
No hyperviscosity 


From Sigman et al.,! with permission. 


and endocrine findings. Using this systematic and effi- 
cient approach, additional diagnostic modalities and 
treatments can be planned. Descriptions of specialized 
sperm function tests are beyond the scope of this chap- 
ter and are not discussed. Instead, a detailed description 
of imaging of the infertile man follows. 


Imaging the Infertile Man 


Imaging of the infertile man has seen an explosion of 
new techniques and advances. Gold standards, such as 
vasography and venography, still play an important role 
in specific cases of male infertility, but advances in non- 
invasive sonographic imaging have allowed color flow 
Doppler (CFD) ultrasonography and TRUS to become 
vital diagnostic modalities for evaluating the infertile 
man. We review here the current applications of tradi- 
tional and CFD ultrasonography, as well as MRI, vasogra- 
phy, and venography for such evaluation. 


Scrotal Ultrasonography 


Ultrasonography is helpful in the evaluation of scrotal 
abnormalities suspected on physical examination. It is 
exquisitely sensitive for differentiating testicular from 
paratesticular structures. Because of short penetration 
distance, the added benefit of higher resolution may be 
obtained using a transducer with a high frequency (7-10 
MHz). 


Testis 


Ultrasonographic examination of the parenchyma of the 
testis is important when evaluating male infertility. Mea- 
surement of testicular size for atrophy or retarded 
growth is easily quantified with ultrasonography. A nor- 
mal adult testis is homogeneous with low to medium 
echogenicity and measures 4-5 cm in length, 2.5-3.0 
cm in width, and 2.5-3.0 cm in anteroposterior depth. 
Testicular volume can be calculated using the following 
formula.37 


John R. Harding, John A. Greer, Larry I. Lipshultz, and Barry D. Toombs 


Length X width X anteroposterior depth Xx 0.52 = 
volume (cc) 


The normal adult testicular volume is approximately 
20 cc or greater, and the testicles should be symmetric. 

Although not routinely used for the sole purpose of 
measuring testicular volume, ultrasonography can be 
used to assess testicular size when progressive atrophy or 
retarded growth of the testicle would change the ap- 
proach to therapy in a patient with a varicocele. In his 
work on the adolescent varicocele, Kass observed that 
the best way to assess testicular size in an adolescent is to 
compare size differences between testicles.37 Costabile et 
al. compared results of physical examination and ultra- 
sonography for assessing testicular size in adolescent pa- 
tients with a varicocele.38 Studies using solid elliptical or- 
chidometers noted that a discrepancy in size of less than 
1.6 cc was impossible to differentiate by ultrasonography. 
This study noted that ultrasound assessment was 
operator-dependent but was better than physical exami- 
nation for determining testicular size. Semiannual ultra- 
sound examinations by the same operator are sensitive 
for quantifying progressive atrophy. This method of eval- 
uation is helpful in the adolescent with a varicocele and 
may be useful in the adult with a varicocele and associ- 
ated normal semen parameters who is not currently try- 
ing to initiate a pregnancy. 


Paratesticular Structures 
Varicoceles 


The mainstay for diagnosis of a varicocele is a careful 
physical examination performed in a warm room. Active 
cremasteric muscles can mimic the venous augmenta- 
tion seen on the Valsalva maneuver; consequently, the 
physical examination does not always reliably exclude 
the presence of a varicocele. Ultrasonography, nuclear 
scintigraphy, thermography, and venography have been 
used to confirm the presence of a suspected varicocele. 
Some have also used these various imaging techniques to 
detect a nonpalpable or “subclinical” varicocele. During 
any sonographic examination for a varicocele, the pa- 
tient should be scanned in both the supine and the up- 
right positions with and without the Valsalva maneuver. 
Ultrasonographic techniques are noninvasive and may 
be performed by the urologist or radiologist with a 
Doppler stethoscope, real-time ultrasonography, or CFD 
ultrasound imaging. Real-time and CFD ultrasonography 
are most commonly used. 

The Doppler stethoscope has been used to confirm 
the presence of a varicocele. The diagnosis is considered 
positive when prolonged venous flow augmentation or 
reflux is detectable, usually as a venous rush during the 
Valsalva maneuver. This response must be differentiated 
from the mild and transient flow augmentation seen 
with the Valsalva maneuver in some normal individuals. 
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In addition, active cremasteric musculature can make it 
difficult to obtain exact placement of the ultrasound 
probe on venous structures. Secondary to these inherent 
limitations of the Doppler stethoscope in identifying 
varicoceles, real-time and CFD ultrasonography have 
been used more frequently and reliably. Because the 
penetration depth is short, the use of a high-frequency 
(7-10 MHz) ultrasound probe is optimal for highest res- 
olution. 

A varicocele is defined ultrasonographically as a hol- 
low tubular structure that increases in size on the Val- 
salva maneuver (Fig. 25.5). Unfortunately, different 
authors have used different criteria for the ultrasono- 
graphic diagnosis of a varicocele. McClure et al. defined 
a varicocele as the presence of three veins, one of them 
at least 3 mm in diameter at rest, or an increase in ve- 
nous diameter with the Valsalva maneuver.39 Several 
other investigators have used 2-3 mm as the cutoff 
value.40,41 As one might expect, varying definitions have 
created difficulty in directly comparing the results of di- 
agnostic modalities and treatment. Despite these study 
differences, there appears to be a good correlation be- 
tween real-time ultrasonography and venography.40 

Confirmation of the presence of a varicocele has been 
described using CFD ultrasound imaging.42.43 This 
modality combines real-time ultrasonography with 
pulsed Doppler sonography in one noninvasive scan 
using color identification of blood flow superimposed 
on the gray-scale image. Prolonged flow augmentation 
seen as lighted hues within a colored flow area de- 
picted on real-time imaging confirms the reversal of 
flow characteristic of a varicocele (Fig. 25.6; see color 
insert). As with most ultrasound studies, CFD imaging is 
highly operator-dependent. 

Utilizing venography as the gold standard, Petros et al. 
showed CFD ultrasound imaging to be more sensitive for 
diagnosing varicoceles than physical examination.44 Also 
using venography as the gold standard, Eskew et al. 
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showed CFD ultrasonography to be sensitive (85%) for 
diagnosing subclinical varicoceles.45 In subfertile pa- 
tients with a solitary palpable left varicocele Kondoh et 
al. found a subclinical right varicocele to be present in 
54% of patients,46 but their criterion for subclinical 
varicocele was merely a 1 mm increase in the size of the 
largest vein on a Valsalva maneuver. 

Management of the radiologically identified subclinical 
varicocele is controversial (Fig. 25.7; see color insert). In a 
report on 150 men with a varicocele and infertility, Dubin 
and Amelar concluded that the size of the varicocele did 
not correlate with the degree of spermatogenesis impair- 
ment.47 Several authors have suggested that a small vari- 
cocele detected only by radiologic assessment may have a 
profound effect on spermatogenesis, but whether treat- 
ment of a subclinical varicocele is clinically efficacious re- 
mains to be scientifically determined. The incidence of 
the subclinical varicocele in the infertile population 
ranges from 21% to 80% (Table 25.4) .39,41,46,48-52 

Overall, there appears to be an improvement in semen 
quality after varicocelectomy in patients with a subclini- 
cal varicocele. However, many studies of the subject are 
not well controlled, and different techniques and crite- 
ria have been used by different authors to define a sub- 
clinical varicocele, making it difficult to compare data 
from different groups. We do not routinely recommend 
repair of a subclinical varicocele; therefore we do not 
scan all infertile men for such an entity. We do use real- 
time ultrasonography and CFD ultrasonography to con- 
firm a varicocele suspected on physical examination (our 
criterion: at least one vein >3 mm at rest or after Val- 
salva). 

Should a subclinical right varicocele be corrected at 
the same time as a clinical left varicocele? Amelar and 
Dubin reported their pregnancy data for 41 patients with 
poor semen quality in whom an overlooked right varico- 
cele might have been the reason for failure to initiate a 
pregnancy after previous left varicocelectomy.53 None of 
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FIGURE 25.5. Scrotal ultrasonography demonstrating a left varicocele. (A) Venous diameter 2.9 mm at rest. (B) Increase in venous 


diameter to 4.2 mm with Valsalva. 
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TABLE 25.4. Summary of subclinical varicocele data 


. Detection Definition of No. of 
Year First author method varicocele patients 
1993 Kondoh46 Sonography T> 1.0mm 56 

with Valsalva 
1992 Dhabuwala48 Doppler ® Reflux 16 
1991 McClure39 Real-time Diameter >3 mm 18 
1989 Yarborough49 Venography Retrograde flow 13 
1988  Bsat50 Doppler ® Reflux 15 
1987 Gonda?! Real-time Diameter >2 mm 19 
scintigraphy 
1985 Marsman! Venography Retrograde flow 24 
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Methods of % Improved Follow-up 

treatment Improved parameter (months) 
Surgery 30 Concentration; motility >3 

(left only) 

Surgery 81 Concentration; morphology 12 
Surgery NA Motility (p < 0.09) 12 
Embolization NA Concentration 6 
Surgery 27 Concentration; motility 12 
Surgery 94 Concentration; motility ? 
Embolization 55 Concentration; motility >6 


Modified from Honig et al.,52 with permission. 
NA = not available. 


these patients had previously fathered a child. Interest- 
ingly, after a right varicocelectomy was corrected, the 
wives of 24% of these men became pregnant. 

Kondoh et al. reported findings in 56 patients with a sub- 
clinical left varicocele who underwent left varico- 
celectomy.46 All 56 patients were scanned preoperatively 
with ultrasonography for a subclinical right varicocele. At 
the 3month follow-up, the group without a right subclini- 
cal varicocele had more improvement in semen quality 
(sperm concentration and motility) than patients with a 
right subclinical varicocele. No long-term semen quality 
data or pregnancy rates were reported. Extrapolation of 
these data to a subclinical right varicocele suggests that re- 
pair of the left clinical and right subclinical varicoceles at 
the same time might improve semen quality and pregnancy 
rates in this population. Additional controlled studies are 
necessary to determine the efficacy of such treatment. 

Cvitanik et al. examined the postoperative prevalence 
of varicoceles as diagnosed by CFD ultrasonography.54 
Following operative repair of palpable varicoceles, 
Doppler ultrasonography was performed on 28 patients 
at an average 16.4 months after varicocele repair. Eigh- 
teen patients (64%) were found to meet ultrasound cri- 
teria for the diagnosis of varicocele in the repaired sper- 
matic cord. The ultrasound criteria in that study 
involved the diameter of and blood flow through the 
dominant vein (>2 mm and >0.03 ml/s, respectively) to 
account for both physiologic and anatomic factors. Im- 
portantly, postoperative physical examination failed to 
reveal the presence of a varicocele in 20 of 22 (91%) pa- 
tients. Despite the postoperative persistence of varico- 
celes documented by ultrasonography, 58% of the pa- 
tients had improvement in sperm parameters and 43% 
had conceptions. Although subset analysis revealed that 
a higher proportion of varicocele-free patients had im- 
provement in sperm parameters than did the patients 
with residual varicoceles (80% versus 44%, respectively), 
an opposite trend was also found: About 50% of patients 
with residual varicoceles achieved conception compared 
with only 30% of the varicocele-free patients. These data 


suggest that the role of postoperative CFD ultrasonogra- 
phy is as yet undefined and may question the validity of 
repairing CFD-detected subclinical varicoceles. 


Epididymis 


Careful examination of the epididymis is important dur- 
ing a male infertility evaluation. Both real-time and CFD 
scanning of the epididymis are helpful but in different 
situations. The normal epididymis measures 7.7 mm in 
thickness by ultrasonography and is located posterior to 
the testis.55 In general, the caput epididymis is larger in 
width than the corpus and cauda. The epididymis is usu- 
ally of the same or slightly higher echogenicity than the 
testis and runs parallel and posterior to the mediastinum 
testis, which ultrasonographically is represented as a hy- 
perechoic streak within the testis parenchyma.56 

Patients seeking treatment at a male infertility clinic may 
be found to have infection or inflammation of the epi- 
didymis. Although acute epididymitis is a clinical diagnosis, 
ultrasonographic findings include an enlarged, heteroge- 
neous epididymis with decreased echogenicity. Also, CFD 
ultrasonography may be helpful for differentiating between 
a torsed testicle and epididymitis. Chronic inflammation 
usually results in an enlarged, indurated epididymis with 
mixed echogenicity, sometimes with hyperechoic calcifica- 
tion. In a comparison of epididymal size, Nashan et al. con- 
firmed their clinical suspicion of epididymal thickening by 
ultrasonography.55 A thickened epididymis (mean 12.1 
mm) on palpation was significantly different in size (p < 
0.5) from the normal epididymis (mean 7.0 mm). 

Epididymal cysts and spermatoceles palpated on physi- 
cal examination may be confirmed by ultrasonography. 
Cysts are hypoechoic masses with through transmission 
and posterior enhancement. Sometimes they are locu- 
lated. Spermatoceles and epididymal cysts have similar 
ultrasonographic patterns and are usually located at the 


head of the epididymis. Rarely, an epididymal cyst com- 


presses the epididymal tubules and causes epididymal 
obstruction. Epididymal obstruction can usually be con- 
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firmed on ultrasonography by the increased size of the 
epididymis, but this sign is not completely reliable. Most 
epididymal cysts do not cause obstruction. Nevertheless, 
an epididymal cyst associated with severe oligoas- 
thenospermia or azoospermia may be obstructive. For- 
mal scrotal exploration and possibly unroofing the cyst 
may be helpful in improving semen quality, but, this 
measure should be approached cautiously in the non- 
azoospermic patient. 


Venography 


Since its first description by Iaccarino in 1977,57 percuta- 
neous varicocele occlusion has become an increasingly 
important treatment option for afflicted patients. In 
these cases, initial venography provides anatomic infor- 
mation that is not obtainable by other means. Venogra- 
phy of the internal spermatic vein (ISV) has been 
demonstrated to be useful in a variety of clinical situa- 
tions including patients with clinically evident varicoce- 
les, infertile patients with abnormal spermiograms, post- 
Operative patients, and those with hematuria and 
left-sided varicocele in which elevated renal vein/ISV 
pressures are suspected.57-79 

The use of ISV venography is simple and straightfor- 
ward. Varicoceles can be treated easily at the same sit- 
ting. A wide variety of occluding agents can be used to 
treat varicoceles, including detachable balloons, Gi- 
anturco coils, sodium morrhuate, bucrylate, hypertonic 
glucose, hot contrast, and sotradecol (Table 25.5). 

The embolization success rate can be defined in sev- 
eral ways. As summarized in Table 25.5, occlusion of the 
varicocele as confirmed by venography is seen in 
59-100% of patients. Other signs of the success of em- 
bolization therapy are disappearance of the varicocele 
and improved spermiograms in subfertile men or loss of 
symptoms in patients with orchiodynia. These results oc- 
cur in approximately 75-90% of patients.58,60,70,76 Surgi- 
cal success rates using classic and microsurgical tech- 
niques offer success rates of 60-—95%.80-83 Therefore 
similar success rates can be achieved. Embolization of 
varicoceles appears to be a worthwhile option in patients 
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who have pre- and postintervention varicoceles, al- 
though nonintervention and postsurgical ligation pa- 
tients seem to be best suited for this treatment. 


Technique 
Preliminary Considerations 


Internal spermatic venography is performed on adults 
and older children (>13 years) on an outpatient basis 
under local anesthesia. Younger children may require 
general anesthesia. Preliminary data required prior to 
investigation include a brief history describing the rea- 
son for the examination (usually infertility and occasion- 
ally orchiodynia). Results of the physical examination 
and ultrasound study are also useful for directing deci- 
sions about therapy. Moreover, knowledge of sites of pre- 
vious surgery, if any, is useful. The only laboratory work 
necessary are serum blood urea nitrogen (BUN) and 
creatinine determinations. 

An earlier life-threatening reaction to nonionic iodi- 
nated contrast material is the only absolute contraindica- 
tion. A relative contraindication is the presence of 
azotemia, which requires that patients be well hydrated 
with 0.45% normal saline prior to the procedure.84 


Procedure 


After the procedure is discussed with the patient or par- 
ent (or both) and written informed consent is obtained, 
the inguinal region, usually on the right, is prepared and 
draped. Some physicians prefer to use the jugular ap- 
proach because of the apparent ease of catheterizing the 
ISVs.58-60 We have not found it necessary to use this ap- 
proach, as our technical success in embolizing patients 
with nonscrotal/renal hilar collaterals exceeds 98%. The 
skin overlying the midportion of the right common 
femoral vein is anesthetized with lidocaine. A 5.5F poly- 
ethylene Cobra-3-shaped catheter (Cook, Bloomington, 
IN) with two side holes is modified using steam heating 
so its tertiary curve is converted from concave to convex. 
This catheter is then advanced through the right iliac 
system into the inferior vena cava. 


TABLE 25.5. Results of Different Varicocele Embolization Agents 


Varicoceles Complications 
First author attempted Materials used Occlusions serious (%) Recurrence (%) 
White’78 52 Detachable baloon 52(100%) 10/0 2 
Seyferth79 395 Sodium morrhuate, Benzyle alcohol 229(59%) 9/1 1 
Formanek58 28 Giantruco coils, Ivalon plugs, Spiderlons 21(75%) 14/10 0 
Post63 259 Sodium morrhuate 217(84%) 12/0 3 
Kunnen66 ? Bucrylate 40(?%) 4/0 ? 
Morag59 146 Giantruco coils 128(88%) 12/0 ? 
Hunter60 115 Hot contrast 115(100%) 59/12 17 
Zuckerman”? 582 Detechable balloons, coils, glucose gel foam 557 (96%) ? 9 
Sigmund65 624 Morrhuate, benzyl alcohol 554(89%) 15/0 10 
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Left Renal Vein 

The tip of the catheter is advanced into the left renal 
vein and placed just left of the spine. Nearly always, a 
branch that extends caudally from the renal vein at the 
left margin of the lumbar vertebrae can be seen connect- 
ing with the lumbar veins (Fig. 25.8). On occasion, this 
branch continues to the right, coursing posteriorly to 
the aorta and subsequently entering the inferior vena 
cava. In a few cases the ventral portion of the left renal 
vein overlying the spine is absent with persistence of the 
retroaortic vessel. Pressures are obtained in the renal 
vein and the adjacent inferior vena cava. 

Approximately 5 ml of contrast is then injected into 
the left renal vein just to the left of the lumbar spine, 
and the patient is asked to perform a Valsalva maneuver. 
If the ISV is opacified, the catheter is advanced 3-4 cm 
into its proximal portion. A normal ISV usually has a 
competent valve in its upper 8 cm (Fig. 25.9). Two or 
three sequential films are obtained at a rate of one per 
second, beginning at the end of a 2-second injection of 
contrast administered at a rate of 3-6 ml/s, depending 
on the size of the ISV. Large veins require higher con- 
trast rates than smaller ones. The films are centered so 
their lower margin is at the top of the pampiniform 


FIGURE 25.8. Normal anatomic relations of the internal sper- 
matic veins. Note potential collateral sources to the ascending 
lumbar and retroperitoneal veins. Potential collaterals also ex- 
ist to the hypogastric, renal capsular, and cremasteric veins. 
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FIGURE 25.9. Digital subtraction venogram disclosing a compe- 
tent valve of the left ISV. There is contrast material in the left 
renal vein (open arrow). A competent valve in the left ISV is 
demonstrated (curved arrow). 


plexus. When this method of centering is used, the up- 
permost segment of the ISV is usually visualized. The 
films are usually sufficient to define the ISV anatomy, al- 
though occasionally contrast does not reach the 
pampiniform plexus, fading out caudally with incom- 
plete delineation of the anatomy. When this occurs, the 
catheter is removed over an exchange guidewire left in 
the ISV and replaced with an end-hole, relatively 
straight, low friction catheter (Glide-Cath, Medi-tech 
Boston Scientific Corporation Watertown Massachu- 
setts). We choose to exchange catheters at this point 
rather than trying to advance the Cobra catheter farther 
down the ISV, as the curvature of the Cobra catheter not 
only makes advancing it difficult, it promotes veno- 
spasm. Venospasm can be so severe it prevents removal 
of guidewires. This newly placed catheter also provides a 
vehicle for embolization of the fiber-encased stainless 
steel coils (Cook) we use for varicocele occlusion. These 
occluding devices have been used in many patients since 
Thelen’s first description in 1979.58.59,61 This second 
catheter is advanced down to the poorly visualized por- 
tion of the ISV, at which point more filming is per- 
formed, or to the level of the internal inguinal ring 
where embolization can be initiated. 

If there is no fluoroscopically demonstrated ISV dur- 
ing the test injection in the renal vein, the caudal surface 
of the renal vein is gently probed. If no ISV is found, left 
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renal venography is performed by advancing the Cobra 
3 catheter a bit farther to the confluence of the segmen- 
tal left renal veins. The same film sequence is utilized, al- 
though the contrast injection is increased to a rate of 
8-10 ml/s injected over 2 seconds. We have found that 
the side holes on the Cobra catheter minimize the risk of 
intravasation of contrast into the venous walls during 
venography. 


Right Renal Vein 

The Cobra 3 catheter is repositioned into the right renal 
vein and 5-8 ml of contrast is injected during the Val- 
salva maneuver. As on the left side, the appearance of 
the ISV is monitored fluoroscopically. If the ISV is not vi- 
sualized, the catheter is withdrawn slowly back into the 
inferior vena cava (IVC), is rotated slightly anteriorly, 
and a gentle search for the ostium of the ISV is initiated. 
Almost all right ISVs are located 1-4 cm below the lower 
margin of the right venal vein (Fig. 25.10). The Cobra 
catheter often gently deforms the competent valve fre- 
quently seen at the [VC-ISV junction. Care must be 
taken to avoid damaging this valve or forcefully entering 
the ISV, as an right-sided varicoceles may be overdiag- 


nosed.60,62 In the absence of a clinical or ultrasound di- . 


agnosis of right-sided varicocele, and if the ISV is small 
and only a small amount of contrast is visualized in its 
upper 3-4 cm, no further evaluation of the right side is 


FIGURE 25.10. Competent valve at the distalmost portion of the 
right ISV. The catheter has been placed in the ostium of the 
right ISV with demonstration of a competent valve (arrow). 
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required. In borderline cases conventional radiographic 
filming is required during which contrast is injected at a 
rate of 3-4 ml/s over 2 seconds. Two or three films are 
taken at a rate of one per second beginning at the end of 
the contrast injection. Again, the filming includes the 
area from immediately above the testes to the ISV-IVC 
junction. 

If a varicocele is identified, the ISV can be embolized 
in one of several ways. In patients with a large varicocele, 
an exchange wire is placed into the ISV and the Cobra 3 
catheter is replaced with a low friction catheter placed in 
a manner similar to that described above for the leftside. 
Alternatively, a Sidewinder catheter (Simmons 2 or 3) 
can be placed well down into the ISV, and coils are then 
delivered. For more difficult cases in which the ISV is 
small or divides into several small channels, we have used 
a tracker 2.2F catheter (Target Therapeutics, Freemont, 
CA), which is placed through the guiding Cobra 
catheter. Embolization can then be performed through 
the smaller catheter using either microcoils or sclerosing 
agents such as sodium morrhuate, Sotradecol, or 
ethanol. Care must be taken when using sclerosing 
agents that the sclerosant does not reach the pampini- 
form plexus, as orchitis/epididymitis or testicular atro- 
phy may occur.60,63-66 Reflux into the pampiniform 
plexus can be minimized by compressing the ISV just 
above the external inguinal ligament during sclerosant 
administration. | 

Regardless of the side embolized, it is important to em- 
bolize essentially the entire ISV with coils or sclerosing 
materials. This practice minimizes the chance of devel-’ 
oping collaterals to the retroperitoneum or into parallel 
spermatic vein channels. Coils should be placed, if possi- 
ble, along the entire course of the ISV from the area of 
the internal inguinal ring to a point immediately below 
the ISV junction with the renal vein or IVC. 

After embolization, a final film is obtained to disclose 
the distribution of the coils (Fig. 25.11). In cases of scle- 
rosant administration, follow-up venography is required 
to demonstrate the degree of success. The catheter is 
then removed, and hemostasis is achieved. 


Postprocedure Protocol 


The patient is placed on bed rest and observed for 1-2 
hours. He is then discharged with instructions on how to 
compress the puncture site should bleeding occur. Our 
patients are followed by the referring urologist as well, 
who monitors varicocele size and fertility parameters. 
The patients are instructed not to engage in contact 
sports for 1 week and to notify our department of any 
untoward effects, such as pain, fever, or swelling. It is not 
unusual to have mild flank or inguinal pressure or dis- 
comfort for 1—3 days after the procedure. Pain following 
the procedure is rare when coils alone are used. Pain fol- 
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FIGURE 25.11. Postembolization film disclosing multiple coils 
placed in the left ISV. Seven variable-size stainless steel coils 
were placed into the left ISV from the area of the internal ring 
(black arrow) to the distalmost portion near the renal vein 
(white arrow). 


lowing sclerosant treatment may indicate orchitis or epi- 
didymitis. 


Anatomy 


Historically, venography of the ISV has been considered 
the gold standard for the confirmatory diagnosis of 
testicular varicoceles. However, this axiom has been chal- 
lenged by the use of ancillary studies, including CFD ul- 
trasonography.85 Venographic demonstration of varico- 
celes with retrograde injection is defined when the ISV 
can be opacified to the pampiniform plexus through in- 
competent valves. There also seems to be a group of pa- 
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tients with varicoceles who have competent, superiorly 
located valves in whom collateral flow can be shown to 
reconstitute portions of the more caudal ISV.67 | 

There is convincing evidence that spermatic vein 
anatomy in patients with varicoceles differs somewhat 
between patients who have had interventions (surgical 
and radiologic) and those who have not.58,63,68-70 In fact, 
there is evidence that patients who have recurring vari- 
coceles after surgical ligation have vascular patterns that 
are different from those in patients who have undergone 
radiologic embolization therapy.68 


Left-Side Varicoceles 


Nonintervention Group 

Our experience at St. Luke’s Episcopal/Texas Children’s 
Hospitals is in some ways similar to that of Bahren et al.4 
and Porst et al.,63 who described five patterns of varico- 
cele formation (Fig. 25.12). 


Pattern 1, which occurred in 40% of the patients of 
Porst et al.,63 showed a single enlarged ISV displaying 
continuity from the renal vein to the pampiniform 
plexus (Fig. 25.13). 

Pattern 2 exhibits several enlarged spermatic veins with 
incompetent valves that freely communicate with the as- 
cending lumbar system. This pattern was seen by Porst et 
al in 22% of their patients.63 In our experience, this 
anatomic variation has been infrequently identified. 

Pattern 3 (seen in 21% of Porst et al.’s patients) has 
been noted in our experience much more often than 
pattern 2. With this type, more than one spermatic vein 
contributes to the varicocele without significant commu- 
nications with the ascending lumbar venous group. 

Pattern 4, in which the varicocele is supplied by incom- 
petent spermatic and renal capsular veins, is unusual in 
our experience, although it was identified in 13% of 
Porst et al.’s patients. Variant 4B, described by Sigmund 
et al.,65 in which there is a competent superior valve in 
the ISV, makes embolization difficult (Fig. 25.14). 

Pattern 5, seen in only 4% of Porst et al.’s patients, has 
not occurred among our approximately 100 patients. 
This pattern is characterized by duplication of the left re- 
nal vein with ventral and posterior (retro)aortic compo- 
nents, which fuse near the kidney. The incompetent 
spermatic vein arises from the fused portion of the renal 
vein. 


In addition to Porst’s five patterns, we have seen two 
patterns related to persistence of the left IVC (Fig. 
25.15). In one patient the left ISV arose from the dupli- 
cated left IVC in a manner similar to that noted for the 
normal right ISV anatomy. In another patient with a left 
IVC, the ISV joined the left renal vein at a point close to 
the left renal vein—left IVC junction. 
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FIGURE 25.12. Five types of varicocele de- 
scribed by Bahren et al.64 and Porst et al.63 
Type I is characterized by a single large left 
ISV that is continuous to the pampiniform 
plexus. Types II and III represent multiple 
venous Channels with or without communica- 
tion with the ascending lumbar/retroperi- 
toneal collateral system. Type IV displays col- 
laterals from the main ISV to the capsular or 
hilar left renal veins. Variation 4B, described 
by Sigmund et al.,65 varies from the conven- 
tional type IV in that there is a competent 
valve in the main left ISV. Type V represents 
a variation in which there is a retroaortic re- 
nal vein into which the ISV drains. 


Other anatomic variants of varicocele formation have 
been noted. In the first, patients with a competent valve 
in the superior portion of the ISV can have retroperi- 
toneal or hypogastric collaterals, which may or may not 
enter the left capsular renal veins (Fig. 25.16).67 In pa- 
tients with positive Doppler ultrasonography for a varico- 
cele and no additional venographic abnormalities, at- 
tempts should be made to cross the competent valves to 
examine the remainder of the ISV for potential collater- 
als.67 

Second, transscrotal collaterals have been described in 
a few patients studied by venography prior to surgical 
treatment.7! These vessels appear as several small chan- 
nels, possibly representing cremasteric veins that extend 
superiorly and allow cross communication. We have not 
seen patients with of either of these two variations. 

More classic potential anatomic variations might lead 
not only to varicocele formation but to treatment failure. 
In one of these variations, the left renal vein can be com- 
pressed as it passes between the superior mesenteric 
artery and aorta. This variant was initially described by 
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Fagarasanu in autopsy studies in 1938.86 DeShepper72 
described the landmark clinical case, calling it the “nut- 
cracker phenomenon.” Additional descriptions of this 
condition have since appeared.73,.75 Another variation 
proposed by Fagarasanum by which the ISV could be 
extrinsically narrowed is one in which the ligament of 


‘Treitz compresses the left renal vein, thereby increasing 


ISV pressures. Lastly, Notkovich implicated an arching 
course of the testicular artery as a potential source of ex- 
trinsic compression of ISV.87 

Because of the multiple potential etiologies in the for- 
mation of varicocele, pressures in the [VC and left renal 
vein near its junction with the internal spermatic vein 
should be routinely measured. A gradient of more than 
4 mm Hg indicates a high risk of recurrent varicocele.74 


Postsurgical Recurrent Varicocele 

Most of the patients we have studied and subsequently 
treated with radiologic embolization have fallen into the 
category of postsurgical recurrent varicocele. Our expe- 
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FIGURE 25.13. Single enlarged left ISV (pattern 1). Note the 
single large channel that extends from the pampiniform 
plexus to the left renal vein. 


rience is in concert with that of other groups, including 
Murray et al.,68 insofar as patterns of recurrence are con- 
cerned. We have observed that most recurrent varico- 
celes are characterized by veins that course parallel to 
the main spermatic vein (with or without patency of the 
main vein). This configuration accounted for 25 of 26 
cases in Murray et al.’s experience.8 In most of these 
cases, collaterals are noted below the level of the upper 
margin of the sacroiliac joint. In some the main ISV re- 
mains large, extending continuously to the level of the 
pampiniform plexus. This appearance is essentially the 
same as that noted in Figure 25.13. 

Unusual and problematic are patients who develop 
varicoceles related to capsular vein collaterals in associa- 
tion with occlusion of the cephalic portion of the sper- 
matic vein. In our experience and that of others,68,69,77 it 
has been difficult to selectively catheterize capsular veins 
emanating from the intrarenal venous branches. Rare 
(not seen in our series and intermittently reported in 
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FIGURE 25.14. Left-side varicocele fed by segmental/capsular 
branches of the left renal vein with competent valves in the ISV. 
Note that the varicocele related to enlargement of the left ISV 
is fed by segmental renal/capsular branches (white arrows). 
Only the uppermost portion of the main left ISV is opacified, 
as there is a competent valve approximately 2-3 mm below its 
junction with the left renal vein (black arrow). 


other series) are transscrotal (left to right) collaterals as 
the etiology for recurrent varicocele.68,69,71,77 These vari- 
ants also are not treatable with radiologic embolization. 


Postembolization Recurrent Varicocele 
Our experience with the group of patients with postem- 
bolization recurrent varicocele is limited. Previous re- 
ports have indicated a pattern different from that seen 
in the postsurgical recurrence group. There is also a 
higher likelihood that recurrences are not as amenable 
to repeat embolization in these patients as those in the 
postsurgical group.63,68,70,77 

Because actions of the various occluding agents are 
differently distributed, there likely are different recur- 
rence patterns depending on the type of occluding 
agent used. From multiple series at Johns Hopkins, the 
success rate, defined generally as no residual varicocele, 
alleviation of pain, or both has been estimated to be 
72-96% .68,70,77,78 The technique advocated by this group 
generally centers around deployment of detachable bal- 
loons. Early reports from this group described the use of 
as few as one balloon placed at or below the level of the 
third or fourth lumbar vertebral body for emboliza- 
tion.68,69,78 In approximately 10-15% patients, this prac- 
tice led to recurrences related to high parallel channels 
(44% of the recurrences) or to renal/capsular branch 
collateralization (28%). Three (17%) of their recur- 
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FIGURE 25.15. Two more anatomic variations 
for left-sided varicocele formation. Both of 
these types have persistent left inferior vena 
cavas (IVC). In type VI the varicocele enters 
the left IVC much like the anatomy typically 
seen on the right. It requires that the left 
femoral vein be punctured for purposes of 
embolization. Type VII is notable in that the 
left ISV drains into the short segment of the 
main left renal vein just lateral to the left 
IVC. 


rences involved transscrotal collaterals, and two (11%) 
developed from unknown pathways.68 

In Germany, Seyferth et al.79 and others®3,65 described 
a different method of varicocele treatment. With this 
technique, a mixture of sodium morrhuate and benzyl 
alcohol is injected in a retrograde fashion into the ISV. 
In one series this treatment was found to result in a re- 
currence rate of 3.2% at 3-month venographic follow- 
up.63 In only 28% of their patients with recurrence was 
the anatomy suitable for repeat percutaneous treatment. 
Renal hilar and scrotal collaterals were undoubtedly re- 
sponsible for a number of these recurrences. 

Hunter et al.60 described the use of hot contrast mate- 
rial injected into the ISV in 175 patients. Follow-up stud- 
ies performed on 76 patients (115 veins) disclosed a re- 
currence rate of 9-17% at 2 months to 2 years. The 
patterns of recurrence were divided into two basic 
groups. In the first group the ISV became reconstituted, 
either completely or partially. This type of recurrence 
was seen in 74% of their cases. The second type of recur- 
rence pattern was reported to include the development 
of collateral vessels, although the exact distribution of 
collateral channels was not discussed. 


Right-Side Varicocele 


Early investigators were primarily interested in evaluat- 
ing the left ISV in patients referred for venography, 
which is one reason for the wide range in the incidence 
of right varicoceles and in published series. As few as 7% 
and as many as 66% of patients discovered to have vari- 
coceles have been found to have them on the right 
side.58- 60 Numerous studies have confirmed the impor- 
tance of thorough evaluation of both sides, as a large 
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FIGURE 25.16. Retroperitoneal collaterals in a patient with a 
competent valve in the superior portion of the left ISV. Note 
the large retroperitoneal collaterals that extend into the hy- 
pogastric veins (black arrow). Also, there are two parallel chan- 
nels that extend virtually throughout the course of the left ISV 
to the pampiniform plexus (white arrows). 
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FIGURE 25.17. Competent valve 5 cm below its junction with the 
IVC. Contrast has been injected into the right ISV with demon- 
stration of a competent valve at the level of the lower margin of 
L3 (arrow). 


number of subfertile patients have subclinical varico- 
celes. Bilateral lesions appear to occur at least as often as 
right-side-only varicoceles. 


Nonintervention Group 
The right ISV generally joins the IVC just below and an- 
terior to the right renal vein. This anatomic appearance 
has been seen in more than 90% of the patients we have 
studied. In most cases, a valve is present just at this junc- 
tion. Rarely, a competent valve is seen in the ISV several 
centimeters below its junction with the IVC (Fig. 25.17). 
Duplication of the right ISV occurs commonly in pa- 
tients with varicocele but usually below a point approxi- 
mately 4-5 cm from the IVC-ISV junction. Occasionally, 
the ISV is completely duplicated with both veins having 
separate entries into the IVC. In rare circumstances, the 
right ISV directly enters the inferior surface of the main 
or caudalmost duplicated right renal vein with or with- 
out associated duplication in which a second channel 


joins the IVC (Fig. 25.18). 
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FIGURE 25.18. Duplication of the right ISV with separate right 
renal vein and inferior vena cava ostia. Selective injection into 
the right renal vein discloses a varicocele with contrast extend- 
ing to the pampiniform plexus but with opacification of two 
distinct main channels, one each draining into the renal vein 
and inferior vena cava. 


Potential collaterals to the common iliac or hypogas- 
tric veins may occur (Fig. 25.19) or may be seen trans- 
scrotally.69,74 We have never seen the transscrotal varia- 
tion, although it has been reported in other large series. 


Postsurgical or Radiologic Embolization Appearance 

There is insufficient information in the literature to de- 
termine whether the patterns of recurrence are different 
in the postsurgical and radiologic embolization groups. 
It is likely that the patterns of recurrence are similar to 
those on the left (Fig. 25.20). 
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FIGURE 25.19. Right varicocele with hypogastric collaterals. Se- 
lective right ISV injection discloses contrast filling a right-sided 
varicocele comprising multiple parallel channels and collater- 
als to the right hypogastric veins (arrow). 


Transrectal Ultrasonography 


Transrectal ultrasonography (TRUS) has become a criti- 
cal noninvasive diagnostic modality for evaluating the in- 
fertile man. Using TRUS the ejaculatory duct, prostate, 
and seminal vesicles can be clearly delineated. Further- 
more, the use of TRUS has supplanted the need for 
more invasive techniques, such as vasography, which 
could result in vasal scarring and obstruction. In the fol- 
lowing section we discuss the current use of TRUS for 
evaluating the infertile man; the normal ultrasono- 
graphic anatomy of the ejaculatory ducts, prostate, semi- 
nal vesicles, and vasal ampullae; and the pathologic 
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FIGURE 25.20. Recurrent right varicocele following emboliza- 
tion therapy. Right ISV injection discloses several coils placed 
from previous embolization (black arrows) as well as opacifica- 
tion of a recurrent ISV branch and vessels extending into the 
right renal and capsular veins (white arrows). If the residual 
veins providing blood supply to the varicocele cannot be em- 
bolized with coils, sclerotherapy can be performed. 


processes that are detectable by TRUS and amenable to 
surgical treatment. 


Normal Anatomy 


The use of TRUS to evaluate prostate disease has be- 
come commonplace in urologic and radiologic practice. 
As a result of increased interest and experience in evalu- 
ation of the subfertile male, the normal ultrastructural 
anatomy of the ejaculatory duct complex has been de- 
fined. The distal male reproductive tract typically is 
scanned using a high-resolution, 6.5- to 7.5-MHz probe 
in both the transverse and sagittal planes. The proce- 
dure is best performed with the bladder at least half full 
to provide an acoustic window between the bladder, 
perivesical fat, and seminal vesicles. Imaging can be per- 
formed with the patient in the lateral decubitus or dor- 
solithotomy position. 
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FIGURE 25.21. Transrectal ultrasonography (TRUS) demon- 
strating ejaculatory duct obstruction. (A) Ejaculatory duct cal- 
cifications in transverse plane (arrow). (B) Seminal vesicle dila- 
tion in transverse plane (arrows). (C) Seminal vesicle dilation 
in sagittal plane. Note thickened wall of seminal vesicles in 


Imaging of the ejaculatory duct is best performed in 
the sagittal plane. Typically, the ejaculatory duct is 
nondilated and thus can be difficult to image. A normal 
ejaculatory duct diameter has been reported to be 
0.06 cm (range 0.04-0.08 cm).88 If an obstruction is pre- 
sent, the lumen of the ejaculatory duct is seen as a hy- 
poechoic tubular structure traversing the prostate and 
entering the urethra at the level of the verumontanum.88 

Abnormalities of the prostatic parenchyma can be 
seen in both the transverse and sagittal planes. Hyper- 
echoic and hypoechoic lesions can be a nonspecific 
finding in the young infertile male patient. Jarow found 
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both transverse and sagittal planes (arrows). (D) Post- 
transurethral resection of ejaculatory duct obstruction 
(TURED) with contrast injected retrograde through opened 
ejaculatory ducts. 


no significant difference in the percentage of men pre- 
senting with either hyperechoic or hypoechoic prostatic 
lesions when he compared 30 fertile control patients to 
150 consecutive infertile patients referred to his infertil- 
ity clinic.88 

Imaging of the seminal vesicles is best performed in 
the transverse plane to delineate the symmetry between 
the two seminal vesicles and for precise determination of 
seminal vesicle volume. Normal seminal vesicles are 
paired, well defined, saccular, elongated organs that lie 
cephalad to the prostate and posterior to the bladder 
with a symmetric appearance on transverse imaging. 
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They are usually homogeneous with a few fine internal 
echoes, sometimes with internal septations secondary to 
their saccular convoluted structure. The seminal vesicles 
may vary in size, shape, and degree of distention, as they 
act as reservoirs for seminal fluid. They are usually sym- 
metric, however, and measure no more than 3.0 + 0.8 
cm in length and 1.5 + 0.4 cm in width, with an esti- 
mated mean volume of 13.7 + 3.7 cc.88-90 It has been 
suggested that the dimensions and volume vary signifi- 
cantly after ejaculation, but one study has documented 
no significant change in the postejaculation dimen- 
sions.9! The vasal ampulla is best seen on transverse sec- 
tion as well and is located just medial to the seminal vesi- 
cles. The vasal ampullae are usually 0.4 + 0.1 cm in 
diameter.88 


Ejaculatory Ducts/Intraprostatic Cysts 


Although ejaculatory duct obstruction was once thought 

to be rare, more recent work has shown a much higher 
incidence.92-97 Men with ejaculatory duct pathology typ- 
ically present with long-standing primary infertility with 
azoospermia or severe oligoasthenospermia noted on 
semen analysis. A patient may present with a history of 
perineal pain or discomfort, hematospermia, pain with 
ejaculation, or epididymal pain. A history of previous 
bladder neck surgery or pelvic surgery suggests an iatro- 
genic ejaculatory duct obstruction. A history of recur- 
rent prostatitis also suggests a possible ejaculatory duct 
obstruction. 

On physical examination the testicles are usually nor- 
mal in size and consistency. The epididymides may be 
tender and indurated. A digital rectal examination may 
reveal a midline cyst or asymmetry but rarely is diagnos- 
tic alone for an ejaculatory duct obstruction. The serum 
FSH level is usually normal. The patient typically has a 
low-volume ejaculate, but a normal volume does not ex- 
clude ejaculatory duct obstruction.98 The absence of 
seminal fructose is not a reliable sign of obstruction, as a 
partial ejaculatory duct obstruction may exist. 

After finding azoospermia, the postejaculate urine is 
analyzed for sperm. We proceed with TRUS if no sperm 
is noted in the urine. New modalities, such as MRI with 
an endorectal coil, have been described,96.99 but the 
availability and expense of MRI prohibit its routine use. 
Certainly, MRI with endorectal coil imaging can be in- 
structive in complex or equivocal cases. 

Once the TRUS has been performed, the findings for 
ejaculatory duct cysts, ejaculatory duct calcification, 
ejaculatory duct dilation, and seminal vesicle dilation are 
consistent with ejaculatory duct obstruction (Fig. 25.21). 
Pelvic and seminal vesicle cysts have been classified on 
the basis of their location and the presence or absence of 
sperm within the cyst fluid.93 Midline cysts without 
sperm are of mullerian duct origin and thus known as 
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mullerian duct cysts or utricular cysts (Fig. 25.22). They 
may cause extrinsic obstruction of the ejaculatory ducts 
through compression of the ducts under the base of the 
bladder and between the seminal vesicles.92.94 Jarow re- 
cently showed that mullerian duct cysts were the only in- 
traprostatic cyst with a significant difference in occur- 
rence in infertile men when compared with fertile male 
controls.88 He found mullerian duct cysts in 11% of the 
infertile men and in none of the fertile controls. A wolf- 
fian duct cyst, or ejaculatory duct diverticulum, is similar 
to a mullerian duct cyst, except that the former contains 
sperm.92 

The prevalence of ejaculatory duct cysts (millerian 
and wolffian origin) in both an infertile group and an el- 
derly cohort of subjects being voluntarily screened for 
prostatic cancer has been reviewed.96 Of the prostate 
cancer screening group, 5% (20/400) demonstrated 
ejaculatory duct cysts. In contrast, 17% (23/135) of the 
infertility patients had similar findings. The difference 
was Statistically significant (p < 0.01). In addition, a 
questionnaire regarding fertility was given to all patients 
in the control group. Of the patients with normal ejacu- 
latory ducts 14% did not have children; and of those with 
ejaculatory duct cysts 35% did not have children (p < 
0.01). Limitations of this patient study were that the con- 
trol groups were not age-matched and thorough infertil- 
ity histories were not obtained. Regardless, these data 
suggest that ejaculatory duct cysts probably do affect fer- 
tility status in the man and are not uncommon in the 
general population. 

Transrectal ultrasonography should be performed in 
all appropriate patients (Table 25.6) .100 Although vasog- 
raphy is still considered the gold standard for identifying 
distal ejaculatory duct obstruction, TRUS has replaced 
vasography as the first-line diagnostic modality for evalu- 
ating suspected ejaculatory duct pathology. It is now 
clear that not only may a patient present with complete 
ejaculatory duct obstruction, but partial ejaculatory duct 
obstruction clearly exists. Meacham et al. reported that 
patients with partial ejaculatory duct obstruction (i.e., 
not azoospermic) identified by TRUS showed improve- 
ment in their semen quality after transurethral resection 
of the distal ejaculatory duct (TURED) in 72% of cases, 
with a pregnancy rate of 54% among the patients who 
demonstrated improvement in semen quality.101 More 
recent data with broadened indications for TURED 
based on TRUS findings have reported lower success 
rates. 102 

As indicated, if TRUS or vasography findings suggest 
ejaculatory duct obstruction, it can be successfully treated 
with TURED. TRUS can be used intraoperatively to iden- 
tify the location of a cyst in relation to the verumontanum 
and thus assist in determining the necessary depth of re- 
section. We have used this technique with success. After 
resecting the cyst, a communication between the ejacula- 
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TABLE 25.6. Indications of TRUS in the subfertile man 
Absolute indications 
Low volume azoospermia, absence of testicular atrophy 


Low volume, severe oligospermia 
(concentration < 5 million/ml) 


Palpable abnormality on digital rectal examination 


Unexplained retrograde ejaculation 


Relative indications 
Normal volume oligospermia or azoospermia, absence of severe 


testiculator atrophy 


Severe motility defects (motility <25% or sluggish forward 
progression) with normal physical examination and normal 
hormonal profile 


Any ejaculatory abnormality (e.g., anejaculation, hematospermia, 
painful ejaculation) 


History suggestive of genital duct abnormalities (unilaterally 
nonfunctioning kidney, history of severe hypospadias) 


Modified from Honig,!00 with permission. 


tory duct and the urethra should be present. If the patient 
remains azoospermic after a TURED procedure but has 
an increase in ejaculate volume, an epididymovasostomy 
may be necessary. Thus epididymal obstruction may result 
from a secondary “blowout” of the epididymis following 
long-term ejaculatory duct obstruction. 


Seminal Vesicles 


Obstruction of the ejaculatory duct can occur as a result 
of extrinsic compression by a large seminal vesicle (wolf- 
fian duct) cyst. Typically, this congenital anomaly results 
from an ectopic ureter (associated with a hypoplastic 
kidney) inserting into the seminal vesicle or ejaculatory 
duct.88,98 Those that are drained perineally tend to re- 
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FIGURE 25.22. TRUS demonstrating a midline mullerian (utric- 
ular) cyst. (A) Transverse plane with cyst between the arrows. 
Note the anterior position. (B) Sagittal plane demonstrating 
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Ultrasonographic imaging of the seminal vesicles has 
also led to the development of seminal vesicle aspiration 
for management of patients with ejaculatory duct ob- 
struction (Fig. 25.23) .103 Using TRUS with a 35 cm long, 
21 gauge Williams needle, seminal vesicle aspiration has 
allowed differentiation between a patent or obstructed 
ejaculatory duct. The results of this study revealed that 
sperm are not normally present in nonobstructed semi- 
nal vesicles; however, in men with azoospermia or severe 
oligospermia, the finding of sperm within the seminal 
vesicles indicates the significantly increased likelihood 
of an obstruction. In addition, in our experience an ob- 
structed seminal vesicle typically has fluid with a free- 
flowing, water-like consistency. Aspirations from a 
nonobstructed seminal vesicle usually reveal a gelatinous 
fluid that is difficult to aspirate. This technique may be 
especially helpful for managing a patient with a unilater- 
ally obstructed ejaculatory duct or a partial ejaculatory 
duct obstruction when sperm are present in the ejacu- 
late but ultrasonographic findings are equivocal. 

Use of TRUS in men with congenital absence of the vas 
deferens (CAVD), both unilateral and bilateral, has docu- 
mented associated abnormalities of the seminal vesicles. 
These congenital defects are a result of embryologic de- 
fects affecting the mesonephric system. In one study 90% 
of patients with unilateral CAVD had aplasia of the ipsilat- 
eral seminal vesicle, and 20% had aplasia of the contralat- 
eral seminal vesicle.104 In those patients with bilateral 
CAVD, 16% had bilateral aplasia of the seminal vesicles, 
and another 21% had unilateral seminal vesicle aplasia 
and contralateral seminal vesicle hypoplasia.105 TRUS 
plays an important role in the complete evaluation of any 
patient with unilateral or bilateral CAVD. 


B 


intraprostatic (white arrow) as well as intraurethral (black ar- 
rows) extension of cyst. The urethra is between the open white 
arrows and the bladder at the open black arrows. 
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FIGURE 25.23 TRUS with seminal vesicle aspiration. (A) Initial placement of the needle within the cyst (arrow). (B) After aspira- 
tion of 10 ml of free-flowing, pale yellow fluid with motile sperm noted microscopically. Note the aspiration needle-tip artifact 


(white arrow). 


Vasal Ampulla 


Transrectal ultrasonography also is helpful in delineat- 
ing the vasal ampulla, which is best visualized in the 
transverse plane. If palpation of the spermatic cords 
within the scrotum is equivocal for the vasa deferentia, 
absence of the ampulla with associated seminal vesicle 
abnormality confirms the diagnosis. 


Vasography 


Although TRUS has supplanted the need for routine use 
of vasography in the infertile man, vasography remains 
the gold standard for diagnosis of distal vasal or ejacula- 


FIGURE 25.24 Hemivasotomy for a vasogram with a 24 gauge 
angiocatheter placed intraluminally within the abdominal end 
of the vas deferens. 


tory duct (ED) obstruction. Current indications for 
vasography include a suspected inguinal or pelvic vasal 
obstruction (Fig. 25.1). When TRUS is equivocal in diag- 
nosing an ED obstruction, vasography can help delin- 
eate a complete or partial ED obstruction. The down- 
side of using vasography as an isolated diagnostic 
modality is that it is an invasive procedure that may result 
in vasal obstruction due to postoperative scarring. 

The technique of vasography involves not merely in- 
jecting radiographic contrast away from the testicular vas 
deferens but also sampling vasal fluid and estimating re- 
sistance to flow upon injection. The finding of sperm 
within the vas deferens excludes an epididymal obstruc- 
tion and points toward a distal vasal or ED obstruction. 
Although standards for normal resistant pressures within 
the ED do not exist, a subjective assessment of resistance 
to flow combined with vasogram findings is helpful. 

Surgical exploration with microscopic magnification is 
necessary to perform vasography. The vas deferens is de- 
livered through the scrotal skin and isolated with care to 
avoid excessive stripping of perivasal vessels. The vas is 
supported by microhemostats or seromuscular holding 
sutures (or both), and a hemivasotomy is created using a 
no. 11 scalpel blade (Fig. 25.24). A 24 gauge angio- 
catheter is then inserted intraluminally, and diluted con- 
trast medium solution or half-strength contrast medium 
and half indigo carmine is injected away from the testicle 
and toward the inguinal canal. An intraoperative radio- 
graph is obtained and reviewed. Delineation of the entire 
vas deferens and seminal vesicle with reflux of contrast 
into the bladder demonstrates a patent ED. If obstruction 
is present, passage of a 0-Prolene suture through the vasal 
lumen can assist in quantifying the distal extent of the ob- 
struction through measurement of the 0-Prolene suture. 
After vasography is completed, the vas deferens is re- 
paired in two layers under microscopic visualization. 
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Conclusions 


A thorough evaluation of the infertile man with a his- 
tory, physical examination, appropriate endocrine test- 
ing, and semen analyses can help direct additional diag- 
nostic imaging modalities. The use of scrotal and 
transrectal ultrasonography with venography, MRI, and 
vasography in appropriate clinical situations can direct 
the clinician toward judicious medical or surgical treat- 
ment regimens in the infertile man. 
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The first evidence that man was aware of the concept of 
infertility dates back to the Egyptians,! who described 
the use of various fruits, herbs, and ointments as well as 
sweet beer and other drugs to enhance fertility and re- 
store menses in women with amenorrhea or oligomenor- 
rhea. The Greeks believed that fertility was achieved by 
sexual intercourse occurring immediately after the end 
of menses when the cervix was dilated. It was believed, 
however, that the penis had to enter the uterus so the se- 
men of the man could mix with the “semen concentrate” 
of the woman. Soranus, a Roman who lived during the 
second century, is considered by many to be the father 
of gynecology. He believed that infertility was the result 
of the improper timing of intercourse and that hot baths 
were a significant cause of infertility. 

There was little empiric investigation of infertility dur- 
ing the Middle Ages, and the church played a significant 
role in the perpetuation of myths regarding procreation. 
Infertility was thought to be the result of incompatibility 
between the size of the penis and the size of the vagina. 
Despite a great deal of scientific and empiric observa- 
tions, many of the myths surrounding infertility had 
their roots in the Middle Ages or before and are still of- 
ten shared by those with impaired fertility today. The in- 
fertile couple only needs to listen to well-intentioned rel- 
atives who offer misguided advice to take a vacation, quit 
a job, adopt a baby, or have a D&C to know that these 
myths and misunderstandings are alive and well today. 
This chapter reviews what is known during the mid- 
1990s about infertility, its evaluation, and its treatment. 


Definition 


Infertility is defined as the inability to achieve concep- 
tion after l year of frequent, unprotected intercourse. 
One assumes from this definition that the medical evalu- 
ation or treatment of a couple for infertility should not 
begin until the couple has attempted to conceive for 


more than a year, but there are several circumstances un- 
der which this delay is inappropriate. For example, indi- 
viduals who have a known anatomic or medical condi- 
tion that causes amenorrhea, decreased production of 
normal sperm, or anatomic obstruction of the reproduc- 
tive tract should not wait a year before undergoing med- 
ical evaluation. Women who are attempting to conceive 
but are not menstruating at monthly intervals and men 
who do not ejaculate should seek medical care when 
they decide to try to achieve pregnancy. 


Prevalence and Epidemiology 


According to a 1965 survey of family growth in the 
United States, 13.3% of married couples ages 15-45 
were by their own admission infertile.2 Seventeen years 
later, in 1982, a similar survey determined that 13.9% 
of married couples were infertile.2 Although there ap- 
pears to be no increase in the prevalence of infertility 
during this interval, the number of childless infertile 
couples doubled from 500,000 to 1,000,000, and infer- 
tility increased from 3.6% to 10.6% of couples 20-24 
years old. Studies of the prevalence of infertility in 
other societies have generally reported similar results. 
Thus apparently one of six to one of seven couples in 
the United States and western European countries are 
involuntarily infertile. 

A number of factors influence the rate at which cou- 
ples conceive. One of the most important is the length 
of time during which a couple has been trying to achieve 
a pregnancy. In a classic study by Guttmacher, approxi- 
mately 50% of couples achieved a pregnancy within 3 
months, 72% within 6 months, and 85% within 12 
months of unprotected, frequent intercourse.® 

The frequency of intercourse is an important factor in 
determining the rate of conception. To ensure that in- 
tercourse takes place within an appropriate time, fre- 
quent intercourse during the middle of a menstrual cy- 
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cle increases the odds of success. Whereas only 17% of 
couples achieve conception within 6 months if they have 
intercourse less than once a week, 83% of couples 
achieve pregnancy within 6 months if they have inter- 
course more than four times a week.4 

The age of the woman has become increasingly impor- 
tant as more and more women have chosen to delay 
their attempts to conceive in order to pursue a Career or 
to establish financial security. It appears from a number 
of sources that age 35 is a critical time in the reproduc- 
tive life of a woman.5 The monthly fecundity rate for 
women under age 35 is approximately 19%. However, 
for women 35 years and older, the monthly fecundity 
rate is about half that, or 10%. Unfortunately, there are 
no good data to determine the importance of the age of 
the husband. 

In addition to age, the duration of involuntary infertil- 
ity plays an important role.6 The longer one has been 
trying to achieve a pregnancy without success, the less 
likely it is that a spontaneous pregnancy will occur in the 
future. 

Life style factors may also play a role in impaired fertil- 
ity. For example, there is a dose-response relation be- 
tween smoking and infertility.” Smoking is associated 
with retardation of embryo cleavage and is toxic to 
oocytes. In addition, cigarette smoking is associated with 
an increased occurrence of spontaneous abortion, ear- 
lier age at menopause, poorer pregnancy outcome, and 
a nearly three times greater chance of ectopic pregnancy 
than for women who do not smoke.8 Excessive exercise, 
marked caloric restriction, or extremes of body weight 
may also have a detrimental effect on fertility. Finally, al- 
though there is an ongoing debate as to the role of emo- 
tional factors in impaired infertility, data currently avail- 
able do not support a causal relation between emotional 
stress and infertility. 


Etiology 


Conception requires the precise coordination of physio- 
logic, anatomic, and immunologic factors. For example, 
ovulation is dependent on an intact hypothalamic pitu- 
itary ovarian axis. Fertilization requires an efficient 
mechanism for capture of the oocyte by the fallopian 
tube. Male fertility requires normal spermatogenesis and 
the ability to deliver semen to the female reproductive 
tract through well timed intercourse. Together the cou- 
ple must coordinate transportation of the sperm and 
oocytes so they are present in the ampullary portion of 
the fallopian tube at the same time. An abnormality in 
any of these mechanisms results in impaired fertility. 
Female factors contributing to infertility are present in 
approximately 40% of infertile couples. Likewise, a male 
factor is responsible for infertility in 40% of cases. De- 
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TABLE 26.1. Causes of female infertility 


Failure to ovulate 

Delayed maturation of the endometrium 

Impaired transportation of sperm from the vagina to the fallopian 
tube 

Obstructed fallopian tubes 

Impaired oocyte capture by the fallopian tubes 

Defective oocytes 


spite extensive evaluation, no cause is found in approxi- 
mately 15-20% of cases. Not infrequently multiple fac- 
tors are present, and the man and woman commonly 
each contribute significantly to the impaired fertility. 

The causes of female infertility are listed in Table 26.1. 
A review of the literature reveals that the frequency of 
each of these factors as a cause of infertility varies 
markedly from study to study. Factors such as socioeco- 
nomic status, age, and ethnic background may influence 
the frequency with which these specific problems cause 
infertility. For example, tuberculosis is a leading cause of 
infertility in some parts of the world, whereas male infer- 
tility or ovulatory problems are a common cause in other 
parts of the world. 


Organizing and Planning 
the Infertility Evaluation 


There are several goals for the evaluation and treatment 
of impaired fertility. First and usually most important is 
achieving a pregnancy that ultimately leads to the birth 
of a child. Secondary goals may include determining the 
cause of infertility, determining the contribution made 
by past or present life styles to the infertility, and finally 
decreasing the frustration and anxiety a couple may be 
experiencing because of their inability to conceive. The 
planning of an infertility evaluation should consider the 
specific goals of each couple and make some attempt to 
prioritize them. 

The initial visit of a couple for infertility care often in- 
volves an interview of both the husband and wife as well 
as a review of their medical records, radiologic images, 
or surgical videos. In addition to discussing their med- 
ical, surgical, and reproduction histories, it is helpful to 
discuss the motives of each member of the couple and 
the specific reasons each is seeking medical care. 

No evaluation of an infertile couple is complete with- 
out a discussion of the timing and frequency of inter- 
course and the psychological, sexual, and social environ- 
ment in which the couple is trying to conceive. Many 
couples experience significant anxiety, frustration, and 
even depression because of the inability to conceive. Fi- 
nally, some exploration of the personal, financial, ethi- 
cal, and moral concerns of the couple regarding specific 
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aspects of the infertility evaluation and treatment should 
be explored. For example, many couples are not com- 
fortable using donor sperm or eggs because of religious 
beliefs and ethical concerns. It is important to learn of 
these concerns before a plan for therapy is outlined. 

There are three basic principles that form the basis of 
the evaluation and treatment of infertility. 


1. The physician should consider the possibility that 
there may be more than one factor responsible for the 
infertility. It often is most effective to complete the en- 
tire evaluation of the couple before initiating a treat- 
ment plan. The therapy can then be designed to correct 
all the infertility factors at the same time. 

2. The treatment plan for each couple should be clearly 
spelled out and provided to the couple in writing so they 
have some idea as to the time, course, and order in 
which tests and treatments will be performed. It is often 
helpful to provide a decision tree so the couple can fol- 
low the logic that underlies the infertility treatment and 
evaluation program. This protocol tends to decrease the 
anxiety, frustration, and feeling of loss of control that 
most couples experience. 

3. Education of the couple as to the meaning, justifica- 
tion, and importance of each of the tests and treatment 
is undertaken. 

4. Finally, attention to the emotional and physical com- 
fort of the individuals is a principal concern. 


Evaluation of 
Female Infertility 


Physical Examination 


In addition to a general physical examination, special at- 
tention is directed at determining the patient’s height 
and weight, presence of galactorrhea, acne, or hirsutism, 
and the presence of abdominal scars from previous sur- 
geries. The pelvic examination should also be per- 
formed with an emphasis on mullerian anomalies, such 
as a vaginal septum or duplication of the cervix or uter- 
ine horns. On occasion, endometriosis is suspected by 
pelvic examination if there is tenderness or nodules of 
the uterosacral ligaments or ovarian enlargement. Al- 
though there is no standard battery of laboratory tests to 
be performed on the infertile female, the presence of 
certain historic features or physical findings suggests the 
need to perform thyroid function tests or to evaluate pi- 
tuitary and ovarian function. Some of the hormone tests 
must be scheduled at specific times in the menstrual cy- 
cle to provide the greatest and beneficial types of infor- 
mation. Fortunately, a detailed, focused history and 
physical examination may obviate the need for expen- 
sive, time-consuming laboratory tests. 
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Semen Analysis 


Evaluation of the woman is not complete until her part- 
ner has had a semen analysis. It is important that a se- 
men analysis be done early in the course of the evalua- 
tion of the infertile couple. Because problems related to 
the production and delivery of sperm are as common as 
infertility factors in the woman, the semen analysis 
should not be overlooked. Two or three semen analyses 
are performed at approximately monthly intervals. If ab- 
normalities are detected, the patient is referred to an an- 
drologist or urologist. The specifics of the semen analy- 
sis are covered elsewhere in this text and are not 
reviewed here (see Chapter 25). 


Assessment of Ovulation 


Ovulation disorders account for approximately 20% of 
all impaired fertility. Although definitive evidence of 
ovulation is available only if pregnancy occurs, there are 
several indirect tests that provide presumptive evidence 
of ovulation. The first and least expensive is charting the 
basal body temperature, which is a simple, noninvasive, 
cost-effective means to determine if ovulation is occur- 
ring each month. 

A serum progesterone level higher than 3 ng/ml is in- 
dicative of ovulation. Likewise, an endometrial biopsy 
that demonstrates a secretory endometrium during the 
second half of the menstrual cycle provides presumptive 
evidence of ovulation. 

Other less commonly used methods of detecting ovula- 
tion include evaluation of the physical characteristics of 
cervical mucus and serial sonographic studies of the 
ovary. Just as Billings has made the clinical evaluation of 
the physical changes of cervical mucus a popular tech- 
nique for predicting ovulation for the sake of contracep- 
tion, others have attempted to use it to determine the 
fertile time of the month. Generally, ovulation occurs 3 
days before to 3 days after the maximal production of 
cervical mucus. However, many women are not able to 
detect significant changes in cervical mucus to the ex- 
tent that they could easily identify it and grade it. Finally, 
serial ultrasound measurement of follicular size and 
changes in the appearance of the follicle are sometimes 
helpful for determining if ovulation has occurred. Un- 
der ideal circumstances there is a sequence of sono- 
graphic signs that reflect normal follicular development 
and ovulation (Fig. 26.1). 


1. Progressive growth of follicles of 2-3 mm/day 

2. Progressive increase in endometrial thickness to 8-12 
mm with a “hypoechoic halo,” also called a triple line 
or multilayered endometrium 

. Collapse or complete disappearance of the follicle 

4. Presence of fluid in the cul-de-sac 
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FIGURE 26.1. (A) Sonographic appearance of a mature follicle 
just prior to ovulation. (B) Sonographic appearance of the en- 
dometrium just prior to ovulation. The “triple-line” appear- 
ance and a width of 8 mm or more is characteristic of the late 
follicular phase. This pattern is a predictor of conception. 


5. Appearance of a granular, low density structure in- 
dicative of a corpus luteum 

6. Hyperechogenic endometrium 2-3 days after ovula- 
tion with endometrial growth that plateaus at approx- 
imately 14 mm 4 days after ovulation 


In the future, the study of ovarian blood flow using color 
Doppler sonography may improve the sensitivity and 
specificity of sonographic techniques for determining 
ovulation and provide a predictor for conception.9 


Assessment of the Cervix 


Disorders of the cervix account for 5-10% of infertility. 
The cervix and its mucus play an important role in the 
transport of sperm within the female reproductive tract. 
Under normal circumstances the mucus that is present 


William R. Keye Jr. 


D 


(C) Sonographic appearance of a corpus luteum at the site of a 
follicle is an indication of ovulation. (D) Sonographic appear- 
ance of free fluid in the cul-de-sac at the same time a corpus lu- 
teum replaces a follicle is consistent with ovulation. 


at midcycle facilitates passage of normal, motile sperm 
and acts as a means of filtering out abnormal sperm. Af- 
ter intercourse, the sperm enter the cervical mucus in 
large numbers and are stored in crypts within the cervix. 
They are then gradually released into the uterus and the 
fallopian tubes over the next 48-72 hours. The post- 
coital test is a means of assessing the quality of the cervi- 
cal mucus as well as the interaction between the sperm 
and the mucus. It provides objective evidence for the ad- 
equacy of intercourse. It is generally considered a stan- 
dard part of the infertility workup, although it has been 
subject to a great deal of criticism because it correlates 
poorly with ultimate pregnancy. 

The timing of the postcoital test is critical. In general 
the test should take place within 24-48 hours prior to 
ovulation. Some physicians ask their patients to test their 
urine for luteinizing hormone (LH) once or twice a day 
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and perform the postcoital examination within 24 hours 
of the first evidence of an LH surge. Others perform a 
late follicular phase transvaginal ultrasound examina- 
tion between the 10th and 14th days. If they see a follicle 
of 16-22 mm, the timing is likely to be good. The cou- 
ple is asked to have intercourse without the use of artifi- 
cial lubrication after abstaining from intercourse for ap- 
proximately 48 hours before the test. Between 2 and 12 
hours later the woman is examined, and cervical mucus 
is obtained from within the cervix. The quality of the 
mucus is ascertained, and the number of motile sperm 
are counted in several high-power fields (HPFs). The 
presence of five or more motile sperm per high power 
field is generally accepted as a normal test. 

Treatment based on an abnormal postcoital test de- 
pends to a large part on the nature of the underlying 
problem. Effective treatment may include antibiotics, 
corticosteroids, surgery, or intrauterine insemination of 
sperm to bypass the mucus. 

Radiologic evaluation of the cervix is often performed 
during the course of hysterosalpingography. A Kidde 
cannula with a flexible polyethylene tip or similar injec- 
tion device must be used. If a catheter is placed in the 
uterine cavity, radiologic evaluation of the endocervical 
canal cannot occur. Using the Kidde cannula, the tip of 
the polyethylene “acorn” or “olive” should be cut down 
so it barely protrudes into the endocervix. Most radio- 
logic variations in the endocervical canal and internal 
cervical os are of little clinical significance, but careful 
inspection for a second cervix should always be per- 
formed, especially if a unicornuate uterus is seen. 


Assessment of the Uterine Cavity 
and Fallopian Tubes 


Hysterosalpingography 


Evaluation of the infertile female is not complete until 
there has been an evaluation of the uterine cavity and 
the inside of the fallopian tubes. Although some argue 
that evaluation of the uterine cavity and fallopian tubes 
is best performed by a combination of diagnostic lapa- 
roscopy and hysteroscopy, the most commonly used pro- 
cedure is hysterosalpingography. It is popular because it 
is readily available and is much less invasive and expen- 
sive than laparoscopy and hysteroscopy. In addition, pa- 
tency of the fallopian tubes, mucosal integrity, and the 
presence of salpingitis isthmica nodosum are more accu- 
rately assessed by hysterosalpingography. 

Historic information suggesting the presence of condi- 
tions that may be detected by a hysterosalpingogram in- 
clude the following. 


1. History of pelvic surgery 
2. Exposure to diethylstilbestrol (DES) 
3. Previous abnormal hysterosalpingogram 
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4. History of a postpartum dilatation and curettage 
5. History of salpingitis or pelvic inflammatory disease 
6. Positive cervical culture for Chlamydia or Neisseria 
gonorrhoeae 
7. History of repetitive pregnancy loss 
8. History of a ruptured appendix 
9. Previous ectopic pregnancy 
10. History of abnormal uterine bleeding 


In most situations the hysterosalpingogram is per- 
formed before laparoscopy. If intrauterine pathology is 
identified at the time of the hysterosalpingogram, hys- 
teroscopy can also be performed at the time of the lapa- 
roscopy. In addition, if tubal pathology is found at the 
time of hysterosalpingography, it can be verified at the 
time of laparoscopy. To perform a laparoscopy without a 
hysterosalpingogram is to risk an inappropriate surgical 
response to tubal obstruction detected at the time of lap- 
aroscopy. Table 26.2 lists the types of pathology com- 
monly found at hysterosalpingography. 

In addition to its use for the diagnosis of infertility, the 
hysterosalpingogram is helpful for evaluating women 
with abnormal uterine bleeding, uterine myomas, or 
repetitive pregnancy loss. 


TABLE 26.2. Abnormalities detectable by hysterosalpingography 


Cervix 
Double 
Polyps 
Synechiae 
Incompetent 
Stenosis 


Uterus 
Congenital anomalies 
Diethylstilbestrol exposure 
Unicornuate 
Bicornuate 
Didelphys 
Septate 
Filling defects 
Polyps 
Fibroids 
Carcinoma 
Pregnancy 
Retained products of conception 
Postabortal fetal parts 
Adhesions (synechiae) 
Adenomyosis 
Postsurgical deformities 
Fistulas 
Fallopian tubes 
Polyp 
Atresia 
Peritubal adhesions 
Salpingitis isthmica nodosum 
Tuberculosis 
Obstruction: proximal, midsegment, distal 
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Indications and Contraindications 


As noted above, the primary indications for hysterosal- 
pingography are infertility, abnormal uterine bleeding, 
and repetitive pregnancy loss. The contraindications to 
hysterosalpingography are (1) active infection (cervici- 
tis, endometritis, or salpingitis); (2) active bleeding; and 
(3) intrauterine pregnancy. 

If there is any question that the patient has a pelvic in- 
fection, hysterosalpingography is contraindicated until 
the infection has been ruled out or treated. If on initial 
examination of the patient there is pelvic tenderness or 
a purulent discharge from the cervix, the procedure 
should be canceled. In addition, if there is any question 
as to the possibility of a pregnancy, the procedure should 
be delayed until a negative pregnancy test has been ob- 
tained. The presence of active uterine bleeding can in- 
terfere with appropriate interpretation of the radiologic 
images. Not only is there an increased potential for in- 
travasation of the radiopaque media, but the blood and 
clots within the uterus may obscure uterine pathology. 


Technique 


Hysterosalpingography should be performed during the 
preovulatory or follicular phase of the menstrual cycle 
and after the end of menstruation. Because of the variable 
length of menstrual periods, a history is obtained from 
the patient to make sure she has completed her menstrual 
period and has not yet ovulated. Although the test is usu- 
ally performed between the 5th and 11th days of the men- 
strual cycle, patients with excessively long menstrual 
bleeding or short menstrual cycles may have only a 2- or 3- 
day window during which hysterosalpingography should 
be performed. To perform hysterosalpingography during 
the postovulatory or luteal phase of the menstrual cycle is 
to risk performing the test during an early pregnancy or 
at a time when there is an early embryo within the fallo- 
pian tube. In addition, the thicker endometrium may lead 
to false-positive diagnoses, such as proximal tubal obstruc- 
tion or intrauterine filling defects. 

Under ideal circumstances the procedure is per- 
formed jointly by the radiologist and the physician su- 
pervising the infertility evaluation. This practice has sev- 
eral advantages. First, it can be reassuring to the patient, 
who may be frightened by the test. Often the presence of 
a familiar face reduces the patient’s anxiety. Second, a 
pelvic examination can be performed before radi- 
ography to make sure there are no pelvic masses, an in- 
trauterine pregnancy, or an infection within the repro- 
ductive tract. The referring physician can also provide 
specific information to the radiologist so the postproce- 
dure interpretation of the films is more specific and ap- 
propriate; furthermore during fluoroscopy, variations in 
the technique can be performed to yield the greatest 
amount of information. 
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The steps of hysterosalpingography are as follows. 


l. 


Perform a bimanual examination to rule out infec- 
tion, a pelvic mass, or an unexpected pregnancy. 


. Warm and insert the speculum into the vagina and 


thoroughly cleanse the cervix with an anesthetic so- 
lution. A side-opening metal speculum is much sim- 
pler to handle than plastic specula, which often are 
too long to make access to the cervix easy and are 
somewhat less comfortable for the patient. 

Warm the contrast material to body temperature to 
help reduce tubal spasm. 

Fill the introducer with radiopaque medium and 
eliminate any bubbles before its introduction into 
the cervix. 


. Use a Kidde cannula with a plastic tip to introduce 


the contrast material into the cervix. This step 
should be done after a local anesthetic of 1% lido- 
caine (Xylocaine) is injected at 12:00 o’clock into 
the cervix with a 21-gauge spinal needle. This step 
alleviates the pain associated with placement of a 
tenaculum on the anterior lip of the cervix. The use 
of an intracavitary catheter with a balloon to intro- 
duce the earlier contrast medium is not recom- 
mended because it obscures the cervical and lower 
uterine anatomy. In addition, when there is a uter- 
ine anomaly, the catheter may enter only one side 
of the uterine cavity and thus give an incomplete 
picture. An example of misinterpretation of the 
uterine anatomy is shown in Figure 26.2A,B (see 
color insert). The hysteroscopic appearance of the 
septum prior to and just after its removal is shown 
in Figure 26.2C,D (see color insert). 


6. Just prior to installation of the radiocontrast mate- 


10. 


rial, the speculum is removed from the vagina so it 
does not obscure adequate visualization of the 
uterus and also to be sure that it does not interfere 
with the ability to pull down on the cervix and 
straighten the uterus so a profile of the uterine cav- 
ity can be obtained. If adequate traction cannot be 
applied a bicornuate or septate uterus may appear 
only to have an arcuate deformity (Fig. 26.3) With 
appropriate traction the double nature of the cavity 
is appreciated. 


. Place a right or left marker on the field. 
. After obtaining a scout film, traction to the cervix 


brings the uterus into a horizontal position relative 
to the x-ray tube and gives the best image. 


. Slow, steady injection of the medium should take 


place under fluoroscopy. The normal uterine cavity 
fills with several milliliters of medium, and an early 
film is obtained to assess uterine contour and shape. 
As the tubes fill and there is initial spill, a film is ob- 
tained before the medium has spilled throughout 
the pelvis. If the first film is delayed, there often is 


26. Female Infertility 


A 


467 


FIGURE 26.3. (A) An example of poor technique with the speculum left in the vagina. (B) An example of poor technique with inad- 


equate traction of the cervix. 


so much contrast material in the pelvic cavity the 
fine detail of the fallopian tubes is obscured. 

11. Once there has been intraperitoneal spill, oblique 
films are obtained with the patient turned to her 
right and to her left. 

12. When there has been confirmation of tubal spill, 
there is little need to inject large additional amounts 
of medium, as excessive medium within the peri- 
toneal cavity may obscure the relevant anatomy. 

13. The speculum is then reintroduced into the vagina 
and the tenaculum and cannula removed from the 
cervix. There is often a small amount of bleeding 
from the cervix, and pressure with a cotton ball 
against these sites almost always stops the bleeding. 
On occasion it is necessary to apply silver nitrate to 
cauterize the cervix. 

14. The patient then is allowed to clean up in the res- 
troom. She then returns several minutes later for a 
delayed film. If water-soluble contrast medium is 
used, the follow-up film can be obtained within ap- 
proximately 10 minutes. Retention of dye within the 
distal tube may signify the presence of a hydro- 
salpinx. If an oil-soluble contrast medium is used, it 
is necessary to wait approximately 24 hours to obtain 
the best delayed film. 


Media 


With reports of several deaths after the use of oil-soluble 
contrast media resulting from embolization after intrava- 
sation, water-soluble solutions have become the media of 
choice in many hospitals. Supporters of the use of water- 
based contrast media point to its safety, cost-effectiveness, 
ability to clearly demonstrate tubal mucosal folds and am- 
pullary rugae, and relatively rapid absorption after the 


end of the procedure. Supporters of oil-based contrast 
material point to the sharper radiographic image and the 
improved ability to define uterine anomalies. They also 
note that oil-soluble media are less painful than water- 
soluble media. Finally, they emphasize the purported 
therapeutic effect of oil-soluble contrast media. 

One meta-analysis that reviewed four randomized clin- 
ical trials of 800 patients and six nonrandomized studies 
of 1806 patients clearly demonstrated a therapeutic ef- 
fect, especially for patients with unexplained infertility.9 
The authors of this meta-analysis postulated that the oil- 
soluble contrast media are more effective in dislodging 
tubal plugs from otherwise undamaged tubes. It is be- 
lieved that the oil-soluble contrast material, because of 
its higher viscosity and high hydrostatic pressure, can 
assist in dislodging these plugs. Alternatively, the oil- 
soluble contrast material may emulsify and therefore dis- 
sipate tubal debris. Based on these findings, the authors 
suggested that the procedure be performed initially with 
a water-based contrast material; then, if the patient with 
otherwise unexplained infertility has proximal occlusion 
of the tubes, a terminal flush with an oil-soluble medium 
is undertaken. i 

An important consideration when choosing a contrast 
medium for hysterosalpingography is the discomfort it 
may produce. Among the water-soluble media, there is a 
significant difference in the amount of pelvic discomfort 
following the procedure. In our experience water-solu- 
ble contrast media such as Sonografin and Renografin- 
60 or Conray-60 are much less irritating than Hypaque. 


Complications 


Although hysterosalpingography is considered a routine 
study, it is not without potential complications. 


468 


Iodine Allergy 

Both the water-soluble and oil-soluble contrast media 
use iodine as a contrast agent. Hence there is a potential 
for hypersensitivity to iodine, although a reaction to io- 
dine is rare. Nonionic media such as Omnipaque, Ioxi- 
lan, and Isovue-370 are thought to be associated with a 
lower incidence of iodine allergy, but their use does not 
completely eliminate this possibility. Several prehystero- 
salpingography protocols have been suggested for pa- 
tients with a history of allergy to iodine-containing con- 
trast media. 


Pelvic Infection 

Peritonitis is a potentially life-threatening complication 
of hysterosalpingography. This complication is indepen- 
dent of the type of contrast medium used and occurs 
more often in patients with a history of pelvic inflamma- 
tory disease. Six of the eleven reported deaths associated 
with hysterosalpingography have followed salpingitis and 
occurred before the modern antibiotic era.10,11 These in- 
fections can result from the introduction of organisms at 
the time of the study or from reactivation of a previous 
pelvic infection. Although not all cases of salpingitis are 
prevented with the use of oral antibiotic prophylaxis be- 
fore or after hysterosalpingography, it appears that the 
prophylactic use of doxycycline may reduce the inci- 
dence of salpingitis, whereas prophylactic use of ampi- 
cillin does not.12,13 After each procedure the patient 
must be warned of the possibility of salpingitis and be 
asked to report symptoms of pelvic pain or fever. 


Pain 
As mentioned earlier, pelvic pain during or after the pro- 
cedure is a common experience. There are several tech- 
niques that may reduce the pain associated with hystero- 
salpingography. The first is to inject a local anesthetic 
into the anterior lip of the cervix prior to application of 
the tenaculum. The second technique is to instill the 
contrast material medium slowly and under fluoroscopic 
control. An adequate picture can often be obtained in 
the normal-size uterus with less than 10 ml of contrast 
medium. The contrast medium should be instilled with 
some appreciation as to the amount of uterine disten- 
tion and the cramping experienced by the patient. If the 
patient notes significant cramping secondary to disten- 
tion of the uterus, the rate of instillation can be reduced. 
In a patient with tubal obstruction, high pressure infu- 
sion of the contrast medium is rarely of any therapeutic 
or beneficial effect but usually increases the pain. 
Finally, the use of oil-soluble media (e.g., Ethiodol) or 
the use of water-soluble media that appear to be less irri- 
tating to the peritoneum (e.g., Sonograph, Renograph, 
and Conray-60) is recommended. Although the newer, 
lower osmolar media should theoretically reduce the 
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pain, a controlled study comparing Hexabrix and Reno- 
graph-60 found no difference between the two.14 


Granuloma Formation and Inflammation 

Oil-based contrast media may persist within the pelvis for 
months to years after hysterosalpingography. Such per- 
sistence has the potential to induce foreign body reac- 
tions or granuloma formation in the uterus or fallopian 
tubes. Although anecdotal reports on humans have ap- 
peared, no study has established the prevalence of such 
granuloma formation. Studies in the rabbit failed to 
demonstrate granuloma formation after installation of 
Ethiodol into induced hydrosalpinges.!5 Studies using 
the guinea pig and rabbit, however, have reported in- 
flammation of the reproductive organs and peritoneal 
surfaces for up to 30 days after exposure.!6 It appears 
that the use of water-soluble contrast material is prefer- 
able in patients who are at high risk or known to have 
distal tubal occlusion. 


Emboli 

One of the most dramatic occurrences at the time of hys- 
terosalpingography is the appearance of venous or lym- 
phatic intravasation. When venous intravasation occurs, 
the contrast medium passes quickly through the uterine 
or ovarian veins into the lungs. With water-based media 
the fluid is quickly dissipated, and no embolic symptoms 
or side effects have been reported. 

Intravasation with oil-based contrast media has been 
reported to occur at a rate of 0-6.3%.17 It is seen more 
often when there is tubal disease or obstruction, a recent 
uterine operation such as dilatation and curettage, uter- 
ine malformation, misplacement of the cannula in the 
myometrium, or excessive pressure during injection. It 
has been estimated that approximately 20% of patients 
with intravasation of oil-soluble contrast material experi- 
ence symptoms, such as chest pain, cough, dyspnea, 
lightheadness, confusion, headache, and on rare occa- 
sions cardiovascular collapse and death. It also appears 
that oil-soluble contrast material can be disseminated 
widely throughout the body and even appears in periph- 
eral blood vessels, most notably those in the brain. Five 
deaths have been attributed to emboli after hysterosal- 
pingography, four of which occurred with oil-based me- 
dia.18 Fortunately, there have been no recent reports of 
any serious embolus-related side effects, probably be- 
cause hysterosalpingograms are now obtained under 
fluoroscopic control; once intravasation is detected, the 
infusion of contrast material can be stopped. 


Radiation Exposure 

Although it appears that the risk of excessive radiation 
exposure in patients undergoing hysterosalpingography 
is low, there have been no prospective studies to deter- 
mine the long-term effects of such pelvic irradiation. 
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The average ovarian radiation dose has been estimated 
to be 500-1000 millirad.19.20 This dose is slightly less 
than that used for the average exploratory urogram and 
about one-sixth the dose for a barium enema. The gen- 
eral principles, of course, are to expose the patient to 
the shortest possible fluoroscopy time and to obtain the 
fewest hard-copy films needed to adequately demon- 
strate the nature of the reproductive tract. 


Failed Procedures 

One of the most disappointing experiences is to be un- 
able to complete the hysterosalpingography. It is particu- 
larly disturbing for the patient, who often is nervous and 
has been anticipating the test for a number of days. 

The most common reason for a failed procedure is 
stenosis of the external os of the cervix. The referring 
physician should examine the patient and determine the 
adequacy of the external os for the procedure. If the os 
is thought to be too small, dilatation of the external cer- 
vical os should precede the procedure. If the cervical 
stenosis is not detected until the procedure is under way, 
it may be necessary to dilate the cervix at that time. If 
one uses the Kidde cannula with a disposable plastic tip 
or acorn, the acorn can be removed and the metal end 
of the Kidde cannula placed in the cervical ostium. It is 
slightly smaller than the external diameter of the tip of 
the plastic acorn and is tapered, so it can act as an effi- 
cient dilating wedge in some cases. Alternatively, if a tiny 
pinpoint os is seen, the plastic tip of the acorn can be cut 
flush with the acorn itself, the hole in the acorn aligned 
with the pinpoint opening of the cervix, and dye in- 
stilled into the uterus. It may be difficult to obtain an ex- 
act and tight watertight seal, but this technique is occa- 
sionally successful. 

Another common reason for failure to complete the 
procedure is severe anteflexion or retroflexion of the 
uterus, which sometimes accompanies the presence of 
large fibroids. In these cases the experience of the exam- 
iner in locating the cervix determines if the procedure 
can be completed. 

The third situation in which the procedure may not be 
completed is in the presence of a vaginal septum or two 
cervical ostia. In these cases a Kidde cannula can some- 


times be placed into one ostium and a catheter placed in 


the other. Each cervix can be injected independently 
and each side outlined independently. The presence of a 
vaginal septum sometimes makes the procedure impossi- 
ble to perform adequately. Incision or excision of the 
septum prior to obtaining the film may be necessary in 
order to complete the procedure. 


Bleeding 
The most frequent cause of bleeding after hysterosalpin- 
gography is the puncture marks from the tenaculum on 
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the cervix. At the completion of the procedure the 
speculum should be reinserted and the tenaculum re- 
moved from the cervix. Bleeding often occurs, but it can 
usually be controlled by applying pressure with a sponge 
placed at the top of the vagina and held tightly against 
the cervix with a ring forceps. On occasion a silver ni- 
trate stick is applied, which usually stops more stubborn 
bleeding points. Finally, on rare occasions a suture must 
be placed through the anterior cervix if it has torn dur- 
ing the process of pulling on the cervix with the tenacu- 
lum. In all cases the cervix should be visualized at the 
end of the procedure and examined for the presence of 
bleeding. The bleeding should be stopped before the pa- 
tient and the physician leave the room. 


Uterine Pathology 


When properly performed, hysterosalpingography dis- 
plays the anatomy of the cervix. The normal cervical 
canal is 1-2 cm long with a convoluted border, the result 
of endocervical glands. When the cervical canal is more 
than 1 cm wide, one should suspect an incompetent 
cervix. The use of a balloon catheter in the uterus does 
not allow one to evaluate the anatomy of the endocervi- 
cal canal. 

The normal fundus of a woman who has not carried a 
term pregnancy is 3—5 cm from the internal cervical os 
to the top of the fundus. “Hypoplastic uterus” is a term 
used to describe a uterus that is small by comparison to 
these normal dimensions. In most cases it represents a 
variant that grows normally during a pregnancy. It may 
be present in a woman who has not yet been exposed to 
estrogen from her ovaries. It may also be the result of ex- 
posure to diethylstilbestrol (Fig. 26.4). 

Filling defects are the most common finding within 
the uterine cavity on hysterosalpingography. The most 
common filling defects seen are air bubbles (Fig. 26.5), 
which may mimic single or multiple intrauterine polyps 
or fibroids (Fig. 26.6). During fluororoscopy air bubbles 
move freely around the cavity; polyps or fibroids do not. 


FIGURE 26.4. Small “hypoplastic” uterine cavity in a woman who 
was exposed in utero to diethylstilbestrol. 
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FIGURE 26.5. Hysterosalpingogram demonstrating intrauterine 
bubbles. 


Rotating the patient from side to side allows the air bub- 
bles to change position within the uterus, so they can be 
distinguished from fibroids or polyps. Polyps and fi- 
broids may not always be distinguishable from one an- 
other on hysterosalpingography. 

Another common abnormality is a fundus with two 
cavities (Fig. 26.7). If there is a single cervix and the ap- 
pearance of two uterine horns separated by an apparent 
band of tissue, one cannot distinguish between a septate 
uterus and a bicornuate uterus. Additional studies, such 
as magnetic resonance imaging (MRI) or laparoscopy, 
are often necessary to determine the nature of the uter- 
ine anomaly. If two cervices are present, one may be 
dealing with a bicornuate uterus, septate uterus, or uter- 
ine didelphis. Again, additional studies such as MRI or 
laparoscopy are often necessary. When such a uterine 
anomaly is detected, an intravenous urogram should be 
performed because renal anomalies are common in the 
presence of mullerian duct anomalies. Such abnormali- 
ties include a pelvic kidney, solitary kidney, a third kid- 
ney, or duplication of the collecting system. 

Finally, intrauterine adhesions may partially or com- 
pletely obliterate the uterine cavity. These adhesions 
most commonly follow instrumentation of the uterus 
during the postpartum period. A history of postpartum 
bleeding treated with dilatation and curettage of the 
uterus is the most common history associated with severe 
uterine adhesions. 

One can evaluate the uterine cavity with hysteroscopy, 
but there is no good substitute for hysterosalpingography 
for delineating tubal anatomy and patency. Proximal 
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FIGURE 26.6. Hysterosalpingogram demonstrating intrauterine 
polyps or fibroids. 


tubal occlusion is present when the radiopaque medium 
does not traverse the intraluminal or isthmic portion of ei- 
ther fallopian tube. This obstruction may be functional 
(the result of spasm) or pathologic (the result of signifi- 
cant adhesions or absence of a segment of the proximal 
tube). It may result from previous surgery or a congenital 
abnormality. Finally, the proximal portion of one or both 
tubes may be obstructed by a mucous plug that is some- 
times dislodged at the time of hysterosalpingography. 
When there is a true pathologic lesion of the proximal fal- 
lopian tube, it may be in the form of fibrosis, salpingitis 
isthmica nodosa (SIN), endometriosis, or chronic tubal 
inflammation. Salpingitis isthmica nodosa may also be 
present and in conjunction with tubal patency (Fig. 26.8). 

Spontaneous midtubal obstruction is rarely seen; it of- 
ten follows a tubal sterilization procedure. Occasionally 
there is a segmental absence of the midisthmus. 

Distal tubal obstruction is a common sequela to salpin- 
gitis. The fallopian tube usually dilates and forms a hy- 
drosalpinx upon infusion of the contrast material (Fig. 
26.9). Finally, paratubal adhesions may be detected 
when the contrast material does not disperse normally 
throughout the pelvis after it spills from the end of the 
fallopian tube. The contrast material may loculate within 


‘a pocket among the adhesions. Diagnosis of adhesions 


on the basis of this finding, however, is not reliable. 


Selective Hysterosalpingography 


When proximal occlusion is found at the time of hys- 
terosalpingography there are several ways to distinguish 
pathologic obstruction from spasm or a mucous plug. 
The most common method of distinguishing these types 
of proximal obstruction is to perform laparoscopy under 
general anesthesia and instill indigo carmen or methyl- 
ene blue into the uterine cavity. Spasm does not occur 
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FIGURE 26.7. (A) Hysterosalpingogram demonstrating a “dou- 
ble uterus” created by an intrauterine septum. (B) Coronal 
T2-weighted turbo spin echo image in a patient with a bicor- 
nuate uterus. Note the external fundal contour is bilobed, 
confirming the diagnosis. (C) Axial T2-weighted turbo spin 
echo image in the same patient as in (B) demonstrates the two 
endometrial cavities and normal zonal anatomy of the two 
uterine horns. 


under general anesthesia, and patency can be deter- 
mined more accurately. In our experience obstruction 
seen at hysterosalpingography is functional approxi- 
mately 50% of the time, and one or more of the tubes 
appears to be patent at the time of laparoscopy. 

The technique of transcervical retrograde catheteriza- 
tion of the fallopian tubes was first described in 1987.21 
Under fluoroscopic guidance and using appropriate 
guidewires, a 5F catheter is wedged into the proximal 
tubal ostia, and water-soluble contrast material is in- 
jected. If the pressure of the contrast material does not 
open the fallopian tube, an attempt is made to thread a 
guidewire through the ostia and into the distal tube. If 
the guidewire successfully traverses the proximal tube, a 
3F catheter can be advanced over the guidewire. More 
water-soluble contrast material is then injected and the 
anatomy of the distal fallopian tube demonstrated. 
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Using this technique, approximately 85% of tubes that 
initially demonstrate proximal obstruction can be suc- 
cessfully recanalized with an approximately 30% reocclu- 
sion rate.21 About 30-40% of women with at least one 
tube successfully recanalized conceive within 6-12 
months.22 Approximately 5-10% of these pregnancies 
are ectopic or tubal in location. When selective hystero- 
salpingography is unsuccessful, more than 90% of the 
fallopian tubes demonstrate fibrosis, chronic salpingitis, 
or salpingitis isthmica nodosum?3 (see Chapter 29). 


Ultrasonography 


Evaluation of the uterus and tubes is aided by ultra- 
sonography. The development of endovaginal transduc- 
ers has revolutionized pelvic imaging. Because use of the 
endovaginal probes does not require a full urinary blad- 
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FIGURE 26.9. Hysterosalpingogram demonstrating bilateral dis- 
tal occlusion and hydrosalpinges. 


FIGURE 26.8. Hysterosalpingogram demonstrating salpingitis 
isthmica nodosum. 


FIGURE 26.10. (A) Septate uterus. Coronal T2-weighted spin- (C & D) Uterine didelphis. A coronal turbo spin-echo T2- 
echo images reveal two endometrial cavities separated byafine weighted image (TR/TE 4500/91) reveals two uterine horns 
low signal intensity septum (arrow). (B) Diagnosis of a septate separated by myometrium. There is slight indentation of the 
uterus is confirmed by examining the external fundal contour, external fundal contour (curved arrow). Incidentally noted is 
which is not bilobed and is smooth and convex (curved arrow). the left ovary (arrow) containing several small follicles. 
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der, the level of acceptance of ultrasonography by pa- 
tients has been much higher. 

Although hysterosalpingography is useful for deter- 
mining the contour of the uterine cavity, it is not useful 
for distinguishing between a septate and a bicornuate 
uterus. In contrast, ultrasonography may define the 
outer contour of the uterus and distinguish between 
these two forms of uterine duplication. The contour of 
the inside of the uterus may also be defined by perform- 
ing ultrasonography at the same time as infusing a liquid 
into the uterine cavity. Normal saline or Hyskon (32% 
dextran 70) can be infused and the double nature of the 
uterine cavity detected. If air bubbles are included in the 
fluid, the presence of tubal patency may also be de- 
tected. Passage of the fluid and air bubbles through the 
fallopian tubes and the accumulation of fluid in the cul- 
de-sac define tubal patency. 


Magnetic Resonance Imaging 


Since its introduction MRI has become a widely used 
technique for evaluating the female pelvis. The MRI re- 
quires little patient preparation, but the patient who suf- 
fers from claustrophobia or obesity is not an ideal candi- 
date. MRI is useful for distinguishing the bicornuate 
from the septate uterus (Fig. 26.10A,B) and for detect- 
ing the presence of uterine fibroids, which may distort 
the uterine cavity. In the patient with a bicornuate 
uterus, the lower portion of the septum is composed en- 
tirely of myometrium. This septum demonstrates charac- 


A i 
FIGURE 26.11. Leiomyomas. (A) Sagittal T2-weighted image 
shows a discrete ventral subserosal leiomyoma (arrow) and a 


smaller centrally located leiomyoma within the uterus (curved 
arrow). (B) Its anatomic location is better defined with a fast 
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teristic medium intensity signals on Tl-weighted images 
and high intensity signals on T2-weighted images. If the 
patient has a septate uterus, the septum. is of fibrous ori- 
gin with low intensity signals on both Tl- and T2- 
weighted images. In addition, in the presence of a sep- 
tum the outer contour is normal with a normal 
intracornual distance. A uterine didelphis (two uterine 
horns and two cervices) is seen in Figure 26.10C,D. 

As noted above, MRI is useful for evaluating the size 
and location of leiomyomas. The appearance of myomas 
on MRI depends on the type and amount of degenera- 
tion present. The MRI is generally of greater value in 
defining fibroids than is transvaginal or transabdominal 
ultrasonography (Fig. 26.11). The most common sono- 
graphic appearance of fibroids is that of a well mar- 
ginated hypoechoic or heterogeneous uterine mass, but 
the nature of the image depends on the relative amounts 
of fibrous tissue and smooth muscle present as well as 
the degree of degeneration. A variety of sonographic ap- 
pearances have been described. 


Assessment of Other Pelvic Structures 


In the infertile patient the organ most frequently imaged 
other than the uterus and fallopian tubes is the ovary. 
The most common tool used to image the ovaries in the 
infertile patient is the sonogram. The most common use 
of ultrasonography is assessment of the number and size 
of developing follicles. These data together with mea- 
surements of serum estradiol levels provides information 


B 


gradient echo contrast enhanced sequence (FLASH). The ven- 
tral subserosal leiomyoma is noted, but the submucosal nature 
of the other leiomyoma is better evaluated on this contrast-en- 
hanced scan. 
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FIGURE 26.12. Transvaginal sonogram of an endometrioma. 


about the relative maturity of the oocyte contained 
within the follicle. In addition, diseases involving the 
ovary, such as endometriosis or polycystic ovary syn- 
drome, may be suspected by the appearance of the 
ovaries on sonography. 

The ovaries may be identified by their characteristic 
sonographic appearance. The outer layer contains multi- 
ple follicles, arranged from the circular array. The inner 
portion of the ovary may also be visualized as a zone of 
increased echogenicity. As the follicles expand during 
the follicular phase of the menstrual cycle, their diame- 
ters can be easily measured. In addition, the collapse of 
the follicle followed by the presence of fluid within the cul- 
de-sac is a presumptive sign of ovulation (Figs. 26.1—26.4). 

Endometriosis may also be detected or suspected by 
sonography as well as MRI. Using a transabdominal tech- 
nique, endometriotic cysts are usually hypoechoic with 
internal septations, loculations, and variable wall thick- 
ness. Using endovaginal transducers, low level internal 
echos are commonly observed (Fig. 26.12). This charac- 
teristic appearance on sonography is thought to be the 
result of blood products within the cyst. Unfortunately, 
these findings are not specific, and tuboovarian ab- 
scesses, Ovarian teratomas, mucinous cyst adenomas, and 
hemorrhagic ovarian cysts may mimic the typical sono- 
graphic findings of endometriosis of the ovaries. 

A spectrum of findings has also been reported with 
respect to the MRI appearance of endometriosis. Large 
endometriomas of the ovary are usually readily identifi- 
able. As in the case of sonography, however, the appear- 
ance of MRI of endometriomas is not specific. Hemor- 
rhage into the ovaries from other causes may mimic 
endometriomas. Traditionally, small implants of endo- 
metriosis have not been easily visualized by MRI, al- 
though the ability to detect small endometrial implants 
has been improved by the addition of the fat-saturation 


William R. Keye Jr. 


technique (Fig. 26.13). In a study by Takahashi et al. us- 
ing fat-saturation MRI imaging, the sensitivity for detec- 
tion of endometriotic implants was 89%.24 The speci- 
ficity was 71%, the positive predictive value 95%, and the 
negative predictive value 50%. We have also demon- 
strated the value of this technique.?5 


Assessment of the Endometrium 


Characteristic changes of the endometrium during the 
menstrual cycle can be evaluated by both sonography 
and MRI. The inner layer of the uterus or endometrium 
is echogenic on sonography and of high intensity on T2- 
weighted MRI. The proliferative phrase of the menstrual 
cycle is characterized by increasing thickness of the en- 
dometrium. Early during the follicular phase the echo- 
genicity of the endometrium is similar to adjacent struc- 
tures, but as ovulation approaches the endometrium 
becomes more echoic. This change is thought to be re- 
sult of increased reflexivity from distended and tortuous 
glands. During the secretory phase the endometrium in- 
creases in thickness more slowly. 

Serial MRI scans have also shown serial changes in the 
endometrium. For reasons of cost and convenience, 
sonography, but not MRI, is used to evaluate the en- 
dometrium in infertile patients. 


Treatment of Female Infertility 


Ovulation Induction 


Treatment of the woman who fails to ovulate may be var- 
ied. If there are underlying abnormalities of thyroid func- 
tion or excessive production of pituitary prolactin or 
androgens from the adrenals or ovaries, a specific treat- 
ment designed to correct the underlying endocrinopathy 
is most appropriate. In other cases, when severe eating 
disorders or excessive exercise contributes to the amen- 
orrhea and anovulation, a change in life style is appropri- 
ate. The largest group of women, however, are candidates 
for and respond to ovulation-inducing agents. The most 
commonly used drug is clomiphene citrate. Approxi- 
mately 80% of anovulatory women respond to this med- 
ication. 

The response to clomiphene citrate can be assessed in 
several ways. First, the woman may measure her basal 
body temperature and note a biphasic shift that occurs 
on approximately the 15th or 16th day of the cycle. Al- 
ternatively, a serum progesterone level measured some- 
time after the 20th or 21st day of the menstrual cycle 
may also indicate the presence of significant levels of 
progesterone, which reflect ovulation. The response to 
clomiphene citrate can also be assessed by performing a 
midcycle transvaginal ultrasound examination of the 
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FIGURE 26.13. (A) Ovarian endometriosis. Transverse Tl- 
weighted spin-echo image with fat suppression reveals the blad- 
der (B), uterus (U), and both ovaries. With fat suppression 
techniques, the conspicuity of hemorrhagic processes are en- 
hanced owing to suppression of high signal intensity fat and ex- 
pansion of the dynamic range of signal. Using these techniques 
large endometriomas, as noted within the left ovary (arrows), 
are identified, as are much smaller endometriomas (curved ar- 
row) noted within the right ovary. (B) Uterosacral ligament en- 
dometriosis. Transverse contrast-enhanced Tl-weighted spin- 
echo image with fat suppression in this patient reveals a 
retroverted uterus (U) and bilateral enhancement of the 
uterosacral ligaments (arrowheads). This patient had micro- 
scopic implants along the course of the uterosacral ligaments at 
laparoscopy. Due to the associated inflammation, the disease is 
detected on this sequence by the enhancing nature of the liga- 
ments. (C) Rectal endometriosis. Transverse contrast enhanced 
T1-weighted spin-echo image obtained with fat suppression re- 
veals the uterus (arrow) and rectum (R). The rectum contains 
an air-mucus-oral contrast level. A solid enhancing endometrial 
implant is noted between the uterus and rectum (arrowheads), 
which is seen to involve the ventral rectal wall. 


ovaries. The presence of one or more follicles, measur- 
ing 20 mm in diameter, reflects a typical response to 
clomiphene citrate. 

When clomiphene citrate does not stimulate ovula- 
tion, injectable forms of pituitary or urinary gonad- 
otropins can be administered. These agents are much 
more potent, and the patient runs a greater risk of multi- 
ple pregnancy or residual ovarian cyst formation at the 
end of the cycle. In the extreme case, it takes the form of 
hyperstimulation syndrome in which the ovaries are 
greatly enlarged and there is often ascites or fluid within 
the chest cavity. In its most severe form hyperstimulation 
syndrome is life-threatening with significant hypo- 
volemia and intravascular clotting. Although the diag- 
nosis of hyperstimulation syndrome is usually made on 
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clinical grounds, abdominal and transvaginal ultrasonog- 
raphy may be useful for detecting and measuring the size 
of the ovaries and the presence of ascitic fluid (Fig. 
26.14). A chest radiograph may be helpful for detecting 
the presence of a pleural effusion. 

The response to injectable gonadotropins is usually 
monitored by serial transvaginal ultrasound examina- 
tions. When the largest follicle has reached a mean di- 
ameter of 16-18 mm and the endometrium is 8 mm in 
thickness, human chorionic gonadotropin (hCG) is ad- 
ministered, which triggers ovulation within approxi- 
mately 36—48 hours. The couple is instructed to have in- 
tercourse at this time; or in some cases intrauterine 
insemination is performed to coincide with the approxi- 
mate time of ovulation. 
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FIGURE 26.14. Sonogram demonstrating the enlarged multicys- 
tic ovary of hyperstimulation syndrome. 


Improving Sperm Transport 


When the postcoital examination detects the absence of 
significant cervical mucus or an absence of sperm in the 
cervical mucus, intrauterine insemination of sperm may 
be helpful. Women who have had a history of in utero 
exposure to diethylstilbestrol often have also had opera- 
tive procedures to the cervix to evaluate or treat abnor- 
mal Papanicolaou smears. In the process of healing from 
these cervical operations, the cervix may become 
stenotic or the mucus-producing glands may be de- 
stroyed. As a result, the efficiency of the female repro- 
ductive tract to transport the sperm to the fallopian tube 
is diminished, and intrauterine insemination may be 
helpful. 

The timing of the insemination can be accomplished 
in several ways. If the woman is having regular, pre- 
dictable menstrual periods, insemination performed ap- 
proximately 12-16 days before the anticipated onset of 
the next period usually provides sperm in the female re- 
productive tract at the time of ovulation. Alternatively, 
the woman may monitor her urine for LH. When she de- 
tects the presence of LH in her urine, ovulation will oc- 
cur within 18-36 hours. The insemination can then be 
scheduled on the day of presumed ovulation. Finally, the 
timing of insemination may be aided by the use of trans- 
vaginal sonography in which the size of the follicles is 
determined near midcycle. When they reach an appro- 
priate diameter, hCG can be administered and insemina- 
tion performed the following day. 
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Treatment of Tubal Disease 


Traditionally, obstruction or other abnormalities of the 
fallopian tubes have been treated surgically. However, 
the introduction of in vitro fertilization and other vari- 
eties of assisted reproductive technologies has decreased 
the importance of surgery for the treatment of tubal dis- 
ease. Nonetheless, surgery remains an option for the 
treatment of both proximal and distal tubal disease. Pre- 
operative evaluation of the fallopian tubes using hys- 
terosalpingography is a great aid when evaluating the 
success following surgery. If at laparoscopy the distal fal- 
lopian tubes are noted to be blunted and hydrosalpinges 
are present, the hysterosalpingographic findings may 
tell the surgeon if there is also proximal disease. When 
there is both distal and proximal disease of the fallopian 
tubes and surgery is of limited or no value, the hys- 
terosolpingogram is useful for assessing the postopera- 
tive condition of the uterus and tubes. 


Assisted Reproductive Technologies 


The term assisted reproductive technologies refers to 
the techniques of in vitro fertilization (IVF) and gamete 
intrafallopian transfer. The evaluation of patients under- 
going IVF usually consists in hysterosalpingography or 
hysteroscopy to assess the uterine cavity and endo- 
metrium. In addition, pelvic sonogram is usually needed 
to determine the presence or absence of ovarian cysts. If 
there are significant ovarian cysts, the administration of 
fertility medications designed to stimulate the simultane- 
ous growth and maturation of more than one egg may 
be deferred until the cyst has been treated or has sponta- 
neously resolved. 

The IVF technique has been standardized in recent 
years. The ovary is usually stimulated with a variety of fer- 
tility medications designed to stimulate the simultaneous 
maturation of more than one egg. The response of the 
follicles to these agents is determined by a combination 
of blood tests to measure estradiol levels and serial pelvic 
sonography designed to determine the size of the folli- 
cles. When an appropriate estradiol level has been 
reached for the number of maturing follicles and the fol- 
licles are an appropriate diameter, hCG is administered 
to trigger the final steps in maturation of the oocyte. Ap- 
proximately 35-36 hours later, transvaginal ultrasound- 
guided needle aspiration of the follicles and retrieval of 
the eggs is undertaken (Fig. 26.15). The oocytes are then 
mixed with sperm in the laboratory so fertilization takes 
place. In some cases an individual sperm is injected into 
an egg to achieve fertilization. This procedure is called 
intracytoplasmic sperm injection (ICSI). After 48-72 
hours the embryos that have been formed in the labora- 
tory are transferred via a transcervical catheter into the 
uterine cavity. Approximately 2 weeks later the presence 
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FIGURE 26.15. Sonogram demonstrating the transvaginal aspira- 
tion of follicles. Bright echo (arrow) is from needle-tip artifact. 


of a successful pregnancy can be determined by measur- 
ing serum hGG levels. 

Another form of assisted reproduction is gamete in- 
trafallopian transfer (GIFT). GIFT consists in adminis- 
tration of ovulation-inducing agents, as in the case of 
IVF. When the oocytes have reached an appropriate size, 
laparoscopy is performed and under direct visualization 
of the ovaries a needle is placed into the follicles. The 
follicular fluid is aspirated from each follicle, and the 
oocytes are collected in a test tube. They are then trans- 
ferred into a catheter that contains a preparation of the 
husband’s sperm. This mixture of oocytes and sperm is 
then transferred into the fallopian tubes under direct vi- 
sual guidance through the laparoscope. 

Despite the extensive use of these two techniques, 
there is still honest disagreement as to which of the tech- 
niques is a better choice in a given situation. While ini- 
tially it appeared that the results of GIFT were far supe- 
rior to those of IVF, the apparent difference in success 
rates is largely explained on the basis of selection bias. 
Patients selected for GIFT were younger with less severe 
infertility problems than were couples who were selected 
for IVF. This argument notwithstanding, both IVF and 
GIFT play a major role in the treatment of infertility. 


Conclusions 


The area of human reproduction has been one of the 
most rapidly growing and changing areas in all of medi- 
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cine. Since the early 1980s we have expanded dramati- 
cally the armamentarium of therapeutic options. In ad- 
dition, we have increased ways in which to use radiologic 
evaluation during both the diagnostic and therapeutic 
phases of infertility. During the 1970s radiologic assess- 
ment of the infertile couple consisted only of hystero- 
salpingography. Today we are using sonography and 
magnetic resonance imaging as well. In selected circum- 
stances, these other techniques have a dramatic effect on 
the results, efficiency, and cost of infertility therapy. A 
thorough understanding of the rational application of 
these techniques is necessary so they can be used in the 
most appropriate and efficacious fashion. 
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Cryosurgical Ablation of Prostate 


Duke K. Bahn and Fred Lee 


Since the development of the prostate-specific antigen 
(PSA) assay and transrectal ultrasonography (TRUS) the 
incidence of prostate cancer has progressively increased 
especially during the 1990s. In 1995 it was estimated that 
244,000 men in the United States would have been diag- 
nosed with prostate cancer, among whom 40,400 would 
succumb.! The main treatment options, radical prosta- 
tectomy and radiation therapy, have also shown dramati- 
cally increased rates. Although prostatectomy rates in- 
creased sixfold between 1984 and 1990 in the United 
States, it is still controversial as to whether radical prosta- 
tectomy improves survival at any stage of prostate can- 
cer.2,3 There is also a significant increase in the use of ra- 
diation therapy for men over 70 years of age.4 Patients 
treated with radiation therapy for clinically localized 
prostate cancer show significant rates of biochemical 
and clinical progression.5.6 Because of the limitations of 
current therapies for prostate cancer, other treatment 
options are currently being scrutinized and investigated, 
including watchful waiting, androgen ablation therapy, 
and cryosurgical ablation. Cryosurgical ablation has po- 
tential for treatment of non-organ-contained disease 
that is not metastatic to nodes or distant sites because 
the freezing process is not limited by the gland capsule.? 
The goal of cryosurgical ablation is local control of the 
prostate cancer. 

The destruction of prostate tissue by low temperature 
was first applied clinically by Gonder et al.8 in 1966 us- 
ing a transurethral probe. Serious complications mainly 
due to the inability to monitor the freezing impeded 
proliferation of this modality. In 1993 Onik et al.9 re- 
vived this procedure by combining three techniques: 
high resolution TRUS, percutaneous interventional ra- 
diology, and advanced cryotechnology. As of July 1995 
about 100 institutions in the United States treated 
prostate cancer with cryosurgical ablation. At present, 
there is no defined protocol or technique, but a multi- 
center trial plan with a standard protocol is under way. 
Though the application of cryosurgical ablation is in its 


infancy the published data to date confirm promising 
early results for cancer ablation with relatively low mor- 
bidity.10.11 Controversy, however, is high and is to be ex- 
pected because the learning curve has been long and ar- 
duous. 


Ultrasonographic Staging 


Correct staging is the most important factor when choos- 
ing the right treatment modality. Cryosurgical ablation 
may not be an option if a patient has stage D disease un- 
less local debulking of the tumor is necessary. However, 
studies reveal that cryosurgical ablation may be effective 
for stages A, B, and C disease.11 The determination of 
extraprostatic spread of cancer is of vital importance 
prior to cryosurgical ablation therapy. Based on this in- 
formation, one can tailor the procedure (i.e., sculpture 
the ice ball) to cover the area of extraprostatic exten- 
sion. The proper use of ultrasound-guided staging 
biopsy technique is important in this regard. 

The average lesion size is calculated by means of the 
following formula: (width + height + length) /3.12 Par- 
ticular emphasis is placed on tumor location, as it deter- 
mines the cryoprobe placement. All cancer is located in 
the outer gland, which includes the peripheral and cen- 
tral zones, or the inner gland, which includes the transi- 
tion zone. 13 

An ultrasound-guided biopsy for staging is dependent 
on tumor location. For outer gland tumors, sites of tu- 
mor escape include the neurovascular bundle, seminal 
vesicle, and trapezoid fossa of the apex (Fig. 27.1) .18-15 
For inner gland cancer,sites of escape include the apex 
at the junction of the anterior fibromuscular stroma 
with the prostatic capsule and the bladder neck at the 
junction with the central zone!3 (Fig. 27.2). These areas 
are sampled with biopsies when appropriate. Overall 
staging is based on an ultrasound modification of the 
Whitmore method (Table 27.1).3.12 
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FIGURE 27.1. Routes of outer gland cancer spread. (A) Trans- dinal view shows escape of cancer via the ejaculatory duct 
verse view shows extension of cancer via the neurovascular bun- (curved arrow) and seminal vesicle (open arrow). Arrows indi- 
dle (arrow) and ejaculatory duct (curved arrow). Outer gland cate the position of the neurovascular bundles. 

cancers tend to remain in an ipsilateral location. (B) Longitu- 


Patient Selection and 
Preoperative Evaluation 


TABLE 27.1. Ultrasonographic staging of prostate cancer The selection criteria for cryosurgical ablation are as fol- 
Stage Tumor size (cm)? Staging biopsy result lows. 

Sam (UB2) o l. Prostate cancer is identified by TRUS and diagnosed 
Nonconfined (UC) All Positive by a staging biopsy. 


2. There must be no regional or distant metastasis. A 
bone scan, computed tomography (CT), magnetic res- 
onance imaging (MRI), and pelvic lymphadenectomy 
may be necessary to determine if there is evidence of 
distant metastasis. A pelvic lymphadenectomy may be 
waived if the following conditions are met. 

a. PSA < 15 ng/ml (less likely incidence of lymph 
node metastasis) 16 
b. Tumor volume < 3 ml 


U = ultrasonography. 
“Average dimension. 


A B 


FIGURE 27.2. Routes of inner gland cancer spread. (A) Trans- muscular stroma (curved arrow). (B) Longitudinal view shows 
verse view shows contralateral extension of cancer (arrow) and tumor spread to the bladder neck (arrows) and into the apex 
tumor escape at the junction of the capsule and anterior fibro- of the outer gland (curved arrow). 
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c. Gleason grade < 7 

d. Negative staging biopsy (no evidence of extrapro- 
static invasion) or 

e. Radiation failure (technical difficulties) or 

f. Age > 70 years (to avoid morbidity) 


Androgen Ablation Therapy 


Androgen ablation therapy (AAT) is recommended to 
downsize the gland if the volume is over 30-40 ml, de- 
pending on the shape of the prostate. With current cryo- 
technology it is almost impossible to ablate the entire 
gland when the prostate volume is over 40 g. This param- 
eter is well documented by the animal work of Lee 
et al.17 Combination AAT consists of a luteinizing 
hormone-releasing hormone (LHRH) agonist [Lupron 
(TAP Pharmaceuticals, Deerfield, IL) or Zoladex (ICI, 
Wilmington, DE)] and an antiandrogen (flutamide; 
Schering, Kenilworth, NJ). The AAT can be waived if all 
of the following criteria are met. 


1. Gland volume < 30 ml 
2. Tumor volume < 3 ml 
3. Gleason grade < 7 

4. Negative staging biopsy 


Pretreatment with AAT can decrease the gland volume 
by 30-50%,11,18,19 decrease the tumor size, and cause 
necrosis of areas of extracapsular extension.1!8 


Cryosurgical Equipment 


Most centers use the AccuProbe System (Cryomedical 
Science, Rockville, MD), which has five cryoprobes, each 


ICEBALL (TRUS) 


100% Maximum Freeze 


Transverse 
(Base) 


Transverse 


(Apex) 


Longitudinal 


0.4cm 


FIGURE 27.3. Cryosurgical iceball. The leading edge of the hy- 
perechoic iceball is at 0°C, with tissue necrosis produced at ap- 
proximately —20°C. The apical iceball has the thickest rim 
(4 mm) before —20°C is reached; the lowest temperatures are 
reached at the distal tip of the cryoprobe and increase toward 
the proximal end. The largest side of the iceball is distal. 
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TABLE 27.2. Freezing capacity of cryosurgical iceball 
Temperature % of LN Radius of iceball 
setting (°C) flow (cm) 

—195 100 2.0-1.8 

—190 75 1.5-1.8 

—185 50 1.2-1.5 

—180 25 1.0-1.2 


with a diameter of 3.4 mm, for simultaneous transport of 
liquid nitrogen. The temperature of each probe can be 
regulated by varying the rate of liquid nitrogen flow. The 
resultant iceball is elliptical, with the maximum circum- 
ference at the tip of the probe (Fig. 27.3). The size of the 
iceball was determined in vivo for various levels of liquid 
nitrogen flow (Table 27.2). Use of thermosensor probes 
has shown that the advancing hyperechoic margin of the 
iceball is at 0°C; at 2-3 mm within this margin, the tem- 
perature decreases to —20°C. A temperature of —20°C 
has been shown to produce tissue necrosis.!9 A urethral 
warming catheter is inserted to provide protection 
against cryoinjury. 


Rectal Anatomy Pertinent 
to Cryosurgical Ablation 


Cryoinjury to the rectum can result in a urethrorectal 
fistula.8,9,11 A fibrofatty tissue plane, Denonvilliers’ fas- 
cia, separates the prostate from the rectum. Tumors of 
large volume can invade this fascia at the base of the 
gland, where the confluent seminal vesicles enter the 
central zone.2! To ensure ablation of tumor extension 
into the Denonvilliers’ fascia, the edge of the iceball 
must extend into the rectal muscularis propria at the 
base of the gland. The prostate is close to the rectum at 
the base of the gland. Because the blood supply to the 
rectum is mostly via mucosal vessels, an extension of the 
iceball into the mucosa can cause transmural damage 
and fistula formation. Therefore careful control of the 
freezing process is most important at the base of the 
gland. 

At the apex of the prostate, the external muscular pro- 
pria blends with the external rectal sphincter. This thick 
muscular barrier makes the rectal mucosa less suscepti- 
ble to thermal injury. 


Prostatic Apex 


The shape of the prostate is an important factor to con- 
sider when planning a cryosurgical procedure. This 
shape is best assessed by means of TRUS or coronal MRI. 
The trapezoid space, defined as the area immediately 
below the external urethral sphincter, is bounded by the 
urogenital diaphragm, rectal sphincter, and levator ani 
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muscle. Because apical tumors readily invade the trape- 
zoid space, it is important to thoroughly freeze this en- 
tire area. The presence of the urethral warming catheter 
and the smaller diameter of the iceball at the apex can 
make this task difficult. | 

In the case of a triangular gland with marked narrow- 
ing at the apex, the cryoprobes naturally are inserted into 
the apex in proximity to each other. To freeze the lateral 
portion of the gland, they must follow an oblique course 
through the gland, paralleling the lateral wall of the 
prostate. When the posterior probes (probes | and 4) en- 
ter the prostatic apex, they should be approximately 
1.0 cm lateral to the midline probe (probe 5). This dis- 
tance should progressively widen to no more than 1.8 cm 
from the midline probe at the base (Fig. 27.4). 

A rectangular gland with a wide apex presents more 
difficulty for eradicating apical tumors. The geometry of 
the gland forces a more lateral and parallel position of 
the probes as they course from the apex to the base. Be- 
cause they are now farther apart at the apical insertion 
site (1.5 cm), the urethral warming catheter tends to 
prevent adequate freeze at the apex. Keeping the probes 
close to each other at the midline may keep the apical 
iceball from extending to the lateral margin of the pro- 
static fossa. Therefore the second freezing extent after 
the probes have been pulled back slightly is key to 
achieving adequate treatment of the apex with this type 
of gland (see Cryosurgical Ablation Procedure, below). 

Commercially available fixed biopsy guides are not ad- 
equate to guide needle placement for cryosurgical abla- 
tion. Variations in gland size, tumor location, and extra- 
capsular spread necessitate more complicated needle 
placement than is generally possible with a biopsy guide. 
Free-hand techniques favored by many radiologists are 
recommended for this procedure. 


PLACEMENT OF CRYOPROBES 
Apex of Gland 
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Planning Map and 
Cryoprobe Placement 


A map for cryoprobe placement is constructed on the 
basis of gland volume, tumor size and location, and ex- 
tracapsular spread. 


Confined Cancer (Stage UB1) 


For a gland volume of 40 ml, placement of the five cryo- 
probes is standard and varies only because of gland 
shape. Measurements are based on 75% Liquid Nitrogen 
(LN) 2 flow. Probes are numbered clockwise starting at 
the 9 o’clock position. The anterior probes (probes 2 
and 3) are placed 1.2 cm from the anterior margin of 
the gland equidistant from the proximal urethra and 
separated by approximately 1.8 cm. When activated, the 
confluent iceball includes the anterior margin of the 
gland, ensuring ablation of the inner gland cancer, 
which may cross the midline. 

The posterior probes (probes | and 4) are placed 
1.2 cm from the posterior margin of the prostate and are 
approximately 1.0 cm from the lateral aspect of the 
gland. This placement ensures that the iceball will ex- 
tend further laterally than posteriorly outside the gland, 
thus freezing the neurovascular bundles before reaching 
the muscularis propria (Fig. 27.5). The midline poste- 
rior probe (probe 5) is positioned posterior to the distal 
urethra and is carefully placed to avoid injury to the ure- 
thra. This probe is then advanced under sagittal ultra- 
sound control. The tip of the probe should be directed 
anteriorly approximately 1.5 cm from the muscularis 
propria, which allows use of 50-75% LN2 flow for apical 
freezing while avoiding rectal injury. 


Base of Gland 
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FIGURE 27.4. Position of needles at the level of the apex and base. Because of the shape of the apex, the needles are close each 


other at the apex (A) and separated at the base (B). 
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* Gland Size (20-40cc) 


Rectal Wall: 
Muscularis Propria 


FIGURE 27.5. Typical planning map. The positions of the nee- 
dles are determined based on the tumor location. Needles 1 
and 4, located close to the lateral border of the gland, are com- 
parable to the distance to the posterior capsule of the gland. It 
ensures that the nearby neurovascular bundles freeze before 
the iceball reaches the rectal wall. A, B, and C represent typical 
positions of the thermosensors. 


Nonconfined Cancer (Stage UB2 and UC) 


One of two changes is necessary for cryosurgical abla- 
tion of large-volume outer gland cancers. The first mod- 
ification is a shift of the adjacent cryoprobes to more 
closely encompass the lesion and potential sites of tumor 
extension. This move can be accomplished successfully 
only when gland volume is less than 40 ml. If it is not, 
large portions of the gland remain untreated. The sec- 
ond modification involves a separate initial freeze cycle 
for a probe (probe 6) placed directly in the tumor, cover- 
ing the lateral routes of extracapsular extension. Subse- 
quently, all five probes are activated to freeze the re- 
mainder of the gland. This strategy is advised in the 
event that the gland volume is more than 40 ml or when 
the extracapsular cancer is bulky. 

For outer gland nonconfined cancer, the posterior 
cryoprobes (probes 1] and 4) are placed 1.2 cm from the 
posterior margin of the gland. The probe nearest the 
cancer site is placed more laterally than for the confined 
cancer to ensure ablation of macroscopic extracapsular 
extension via the neurovascular bundle. The surround- 
ing ipsilateral cryoprobes are again shifted toward the 
cancer site. The contralateral probes can remain as de- 
scribed for confined cancer. | 

The midline posterior probe (probe 5) is used for ab- 
lation of tumor escape via the seminal vesicles or distal 
urethra at the apex. The tip of this probe should be 
1.5 cm from the muscularis propria. For the first freeze, 
the tip of the probe is placed at the point of confluence 
of the seminal vesicle. Later this probe is retracted to 
treat the apex. 
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For nonconfined inner gland cancers, the routes of es- 
cape are the bladder neck and anterior apex. The resultant 
iceball must cover these areas. To ensure proper coverage, 
the anterior probes (probes 2 and 3) are placed 1.2 cm 
from the anterior margin of the gland with a separation of 
no more than 1.8 cm. The tip of the cryoprobe is placed 
near the bladder neck for the first freeze; after thawing it is 
retracted approximately 1 cm to ensure adequate freezing 
of the anterior apex. The ipsilateral posterior probe 
(probe 1l or 4) can be placed deeper into the gland (1.5 
cm) to complement the anterior probe (probe 2 or 3). 


Thermosensors 


Temperature-monitoring devices for the prostate gland 
are not yet commercially available. Until thermosensors 
are available, we advise that diamond-tipped 18-gauge in- 
troducer needles (Cook Urological, Spencer, IN) be used 
to evaluate the effectiveness of the iceball. Needle tips are 
placed in the same locations as the thermosensors. When 
the iceball envelops the thermosensor or needle tip with a 
killing temperature of —20°C, the needle becomes fixed 
to the iceball and cannot be retracted. 

The only sensor placed within the gland (sensor A) is 
that located in the anterior fibromuscular stroma anteri- 
orly to avoid the Santorini venous plexus. The tip of this 
sensor should be placed in the midline at the bladder 
neck. Cryoinjury to the bladder neck can produce uri- 
nary outlet obstruction. Thus sensor A controls the mid- 
line freeze to ensure ablation of inner gland cancers and 
limits damage to normal structures, especially the blad- 
der neck. Once the freezing process starts, the iceball 
blocks sound transmission, and control of the iceball an- 
teriorly is subsequently dependent on either a ther- 
mosensor or needle in the anterior fibromuscular 
stroma. A temperature of —20°C or fixation of the 18- 
gauge needle indicates adequate freezing. For outer 
gland cancer, the ice ball must extend into the rectal 
muscularis propria, urogenital diaphragm, ipsilateral 
neurovascular bundle, and seminal vesicle confluens. 
Control of this process is maintained with thermosen- 
sors. Figure 27.5 depicts appropriate placement of ther- 
mosensors or 18-gauge needles for control of basilar, api- 
cal, and anterior extension of the iceball. 


Cryosurgical Ablation Procedure 


The first TRUS-guided percutaneous cryosurgical abla- 
tion of prostate cancer was reported by Onik et al.9 In 
1994 Lee et al. reported a refined and tailored approach 
to cryosurgical ablation that includes preoperative 
downsizing of the gland as well as preoperative cancer 
mapping based on TRUS-guided staging biopsy.” 
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FIGURE 27.6. Sagittal diagram. (A) Diamond-tipped 18-gauge 
needle is inserted through the perineum and reaches the most 
cephalad end of the prostate. (B) Five cryoprobes are posi- 


Patients are placed in the dorsal lithotomy position with 
general or spinal anesthesia. Utilizing a sterile technique, a 
16F flexible cystoscope is introduced to examine the ure- 
thra and the bladder. A 10F suprapubic (Cope Loop 
Catheter, Cook Urological) catheter is then inserted and 
its position confirmed by cystoscopy. You may choose not 

to use a suprapubic catheter. In that case, the patient is dis- 
-= charged with a Foley catheter. The urethra and bladder 
are thoroughly examined to rule out any unexpected find- 
ings. A Foley catheter is introduced, and the scrotum is 
lifted with a suture to the abdominal wall to further expose 
the perineum. An ultrasound probe is inserted into the 
rectum. Under biplanar ultrasound guidance, a diamond- 
tipped, 18-gauge needle is inserted through the perineum 
into the preselected area of the prostate based on cry- 
oplanning, reaching the most cephalad end of the prostate 
(Fig. 27.6). Five needles should be used at all times. The 
posterior needles (nos. 1 and 4) are placed at an average 
1.2 cm from the posterior margin of the gland and approx- 
imately 1.0 cm from the lateral margin. It is ideal to place 
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tioned and create an iceball with 1.5-2.0 inch radius depend- 
ing on the flow rate used. 


needles 2 and 3 a distance of 1.2-1.5 cm from the anterior 
capsule. The distance between needles 2 and 3 should be 
no more than 1.8 cm to ensure enough overlap of the ice- 
ball that it freezes the anterior half of the gland. Because 
there is a urethral warming catheter between needles 2 
and 3, it is of utmost importance to keep the distance less 
than 1.8 cm. The midline needle (no. 5) is entered poste- 
rior to the urethra. Under the sagittal plane, it is then ad- 
vanced cephalad and anteriorly such that the needle is ap- 
proximately 1.5 cm anterior to the rectal muscularis 
propria. This positioning allows use of 50-75% liquid ni- 
trogen flow, which creates an iceball large enough to cover 
the apex without injuring the rectum (Fig. 27.7). A 0.038 J- 
wire is inserted through each needle, and the needles are 
withdrawn. Dilators and sheaths are introduced over the J- 
wires, and the J-wires are withdrawn. Thermocouples are 
important tools for properly monitoring the freezing 
process. The usual placement of thermocouples include 
one at the anterior midcapsule, one at the posterior cap- 
sule near the neurovascular bundle of the malignancy side, 
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FIGURE 27.7. Preferred needle location. (A) Midline needle/probe is approximately 1.5 cm anterior to the rectal wall, which al- 
lows use of 50-75% flow rate. (B) Resultant iceball covers the entire prostate and periprostatic tissue with a killing temperature. 
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FIGURE 27.8. Concept of refreezing after pulling back the cryo- 
probes to cover the apex. The first freezing may not produce a 
killing temperature at the apex. Coronal and longitudinal dia- 


and one at the apex. Routine placement of the thermo- 
couples at the contralateral superior neurovascular bundle 
region and the midline base where the confluence of sem- 
inal vesicle is located is also recommended. Target temper- 
ature readings from these sensors are at least —20°C 
(preferably —40°C), which is considered sufficient for cel- 
lular death.22 

The Foley catheter is then removed, and flexible ure- 
throscopy is performed to look for possible urethral pene- 
tration by any of the sheaths. A guidewire is inserted 
through the scope, and the scope is withdrawn. A urethral 
warming catheter is inserted over the guidewire. All five 
cryoprobes are inserted under ultrasound guidance in 
the sagittal plane. The sheaths are retracted about 
4 cm to expose a portion of the cryoprobes within the 
prostate. All of the probes should be on “stick” tempera- 
ture to secure the positioning (“Sticking” of the probe 
refers to activation of the probe by circulating liquid nitro- 
gen at a slow flow to lower the probe temperature. This 
causes the cold metal of the probe to bond to the warm 
prostatic tissue. Once the probe is “stuck” it cannot be 
pulled out of the prostate). Probes 2 and 3 are activated to 
75-100% flow rates until the anterior sensor reaches 
—10°C. The iceball shows a white, thick rim on the ultra- 
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grams show the iceball extent initially (A & C) and after the 
second freezing (B & D). 


sound scan with no acoustic penetration,?3 which is why 
the anterior half of the prostate should be frozen first. 
The posterior three probes (nos. 1, 4, 5) are then acti- 
vated. Probes 1 and 4 can use 70-100% flow rates, as they 
direct the iceball posterolaterally, somewhat away from 
the rectum. However, probe 5 should be carefully used 
with a low flow rate, contingent on the distance to the rec- 
tum. Intense attention must be directed toward the pro- 
gression of the posterior rim of the iceball as it ap- 
proaches the rectal muscularis propria, but not the 
mucosa. The flow rate is frequently adjusted during the 
procedure to reach the target temperature of all 
of the thermosensors. A digital rectal examination is also 
helpful during the freezing procedure to evaluate the ice- 
ball and the status of the mucosa. When the iceball 
reaches the rectal muscularis propria or achieves a target 
temperature, the cryoprobes are immediately deactivated, 
and the rectum is irrigated with warm water. Frequently, 
the apex temperature is less than optimal with the first 
freezing. In this case, the probes should be pulled back 
1.0-1.5 cm after thawing, and the freezing process is re- 
peated (Fig. 27.8). The apex usually achieves an adequate 
temperature with this pull-back technique. Otherwise, the 
freezing process is repeated without pull-back (Fig. 27.9). 
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After the procedure is terminated, the skin puncture sites 
are sutured (catgut), and the urethral warming device is 
removed. In case the suprapubic catheter is not used, the 
patient is discharged with a Foley catheter. 

An intravenous antibiotic is given before and up to 24 
hours after the procedure. Patients are discharged the day 
after the cryosurgical ablation procedure. Oral antibiotics 
are continued for approximately 2 weeks postoperatively 
while the suprapubic or a Foley catheter is in place. 


Complications and 
Postoperative Management 


The most appealing benefit of cryosurgical ablation ver- 
sus traditional treatment, such as radical surgery and ra- 
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FIGURE 27.9. Axial and sagittal views of the 
prostate after completion of cryoablation. A hy- 
perechoic rim (edge of the iceball) abuts the 
muscularis propria of the rectal wall (arrows). 
Temperature readings of all thermosensors are 
recorded. (A) First freeze. (B) Second freeze. 


diation therapy, is low morbidity. It should emphasized, 
though, that it is not completely free of complications. 
Careful attention to fine technical detail is the key to low 
complication rates. 


Intraoperative Complications 


Intraoperative complications are rare. Before inserting 
the suprapubic catheter, the urinary bladder should be 
distended sufficiently to push the bowel loops upward. 
This maneuver prevents penetration of a bowel loop dur- 
ing catheter insertion. Bladder distention is particularly 
important in patients who might have predisposing fac- 
tors, such as previous abdominal surgery, inguinal her- 
nia, or a history of radiation therapy. It is also beneficial 
during the freezing process to avoid thermal injury to 
the bowel loop. 


27. Cryosurgical Ablation of Prostate 


The urethra and bladder may be punctured inadver- 
tently especially as one is learning this procedure. It 
rarely poses any serious problems. Occasionally, a 
cryosheath penetrates the urethra. It usually is the poste- 
rior midline (no. 5) sheath and is easily identified dur- 
ing endoscopic inspection prior to insertion of the ure- 
thral warming catheter. If it is not recognized, it may 
lead to increased urethral sloughing. 

Hematuria is a common minor complication after the 
prostate has thawed. It is usually secondary to penetra- 
tion injury and is self-limited. Bladder irrigation alone 
through the suprapubic catheter is sufficient in severe 
cases. 


Preoperative and Postoperative Management 


Preoperative patient preparations include bowel cleans- 
ing with an oral agent. Patients receive intravenous an- 
tibiotics overnight after the procedure and continue 
with oral antibiotics for 1-2 weeks, especially during 
suprapubic or Foley drainage. The suprapubic catheter 
is clamped when the patient is discharged and left in 
place until the patient can void naturally, with residual 
volume less than 50 ml. If a Foley catheter is used, it is 
advisable to keep it in place for 2 weeks prior to removal. 
Most of our patients (more than 80%) are able to void 
naturally 2 weeks after the procedure. 


Postoperative Complications 


Minor Complications 


Mild pelvic pain or discomfort is not uncommon during 
the first 3 months after the procedure. It is a self-limiting 
condition and rarely requires oral analgesics or antibi- 
otics. Irritational voiding and urethral discharge or 
bleeding is also occasionally encountered. Prostatic 
abscess formation is sporadically reported. Pain and tin- 
gling sensation at the tip of the penis is another com- 
plaint. Most patients during the immediate postopera- 
tive period complain of urinary urgency and frequency. 
It is probably due to an inflammation that gradually im- 
proves with time. Unusually severe urgency and fre- 
quency may indicate the formation of internal fissures 
or false channel development around the urethra. These 
problems are easily identified with ultrasonography. In 
this situation the patient should not undergo a follow-up 
biopsy, as it may increase the chance of abscess forma- 
tion or even lead to a urethrorectal fistula. Urethral 
sloughing occurs in about 5% of patients, usually 1-2 
months after the procedure. It is associated with urinary 
obstruction, frequency, and urgency. The patient can be 
treated conservatively. Transurethral prostatectomy is 
rarely indicated and should be performed carefully to 
avoid fistula formation. 
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Major Complications 
Erectile Dysfunction 


Because the goal of cryosurgical ablation is to freeze the 
entire gland and as much of the periprostatic tissue as 
possible, including neurovascular bundles, impotence is 
clearly expected in all patients. However, about 10% of 
the patients have recovered at 6 months after the proce- 
dure and 30% at 1 yearl! owing to a known nerve regen- 
eration phenomenon.?‘ If a truly localized small cancer 
in one lobe (stage B1) is confirmed by an extensive pre- 
operative staging biopsy, saving the contralateral side of 
neurovascular bundle could be an option to preserve 
erectile function. However, it is not routinely recom- 
mended, and there are presently no supporting data as 
to its efficacy and the risk of residual cancer. 


Incontinence 


Severe degrees of incontinence requiring the use of mul- 
tiple pads is unusual. A mild degree of stress inconti- 
nence is often seen but is self-limited. Patients who un- 
derwent radiation therapy prior to cryosurgical ablation 
are particularly at risk. About 10% of irradiated patients 
experience some degree of incontinence after the proce- 
dure. To the patients who have not undergone irradia- 
tion, the incontinence rate is less than 1%. 


Urethrorectal Fistula 


The most serious complication after cryosurgical abla- 
tion is a urethrorectal fistula, caused by freezing the rec- 
tal mucosa. Fistula usually develops 1-12 weeks after the 
procedure. Most of these patients have undergone irra- 
diation. A patient with a urethrorectal fistula presents 
with watery diarrhea after voiding. Treatment of these 
fistulas varies depending on the size of the fistula and 
whether the patient has had previous radiation therapy. 
Some of the small fistulas heal without intervention 
other than continuous catheter drainage. Surgical tech- 
niques to close the fistulas include the following: (1) di- 
vision of the fistula through a perineal approach with 
interposition of a gracilis muscle flap; (2) a coloanal 
pull-through procedure; and (3) cystectomy and ileal 
conduit urinary diversion with creation of a permanent 
colostomy. 


Follow-up Studies 


Prostate biopsies and serum PSA assays are used to dis- 
tinguish local and distant failures. Biopsies and serum 
PSA assays are done at 6, 12, and 24 months. A biopsy is 
not recommended at 3 months because of the risk of in- 
fection and possible subsequent fistula formation, espe- 
cially in postirradiation patients. A PSA assay and biopsy 
are performed at 6 months, | year, and 2 years. If resid- 
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ual or recurrent cancer is confirmed, repeating the 
cryosurgical ablation, irradiation, and watchful waiting 
are the options. There have been few cases of radical 
surgery after cryosurgical ablation failure.25 


Conclusions 


Cryosurgical ablation of the prostate appears to be a vi- 
able alternative to traditional treatment. When it is per- 
formed properly, the success rate is better than 80%, in- 
cluding stage B and C disease and irradiation failure. It 
is essential to acquire the requisite ultrasonographic 
skills for proper preoperative staging and proper freez- 
ing. Cryosurgical ablation therapy has several advantages 
over traditional treatment: low morbidity, no surgical in- 
cision, no blood loss, short recuperation period, and low 
cost. Moreover the treatment can be repeated if persis- 
tent cancer is found. The main disadvantage is that there 
is no long-term follow-up available yet, as randomized 
multicenter trials are not completed at this time. 
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LASER is an acronym for Aght amplification by stimu- 
lated emission of radiation. The quantum mechanical 
theories on which the design of the laser is predicated 
date to Albert Einstein and 1917. The first ruby laser was 
created in 1960, based on the principles first delineated 
by Einstein. Theories that took more than four decades 
for physicists to bring to practical application are obvi- 
ously beyond the scope of this medical text, but the clin- 
ician using laser light can benefit from a basic under- 
standing of this unique energy source. 


Production of Laser Light 


The core of a standard laser emission source consists of 
an active medium—such as a solid neodymium crystal or 
carbon dioxide (CO,) gas—from which each laser 
source derives its name. The atomic structure of the ac- 
tive medium determines the wavelength of laser light 
the source emits. Within the laser source this active 
medium is bombarded with energy, such as a high inten- 
sity white light from a flash lamp. Electrons within the 
atoms of the active medium are pushed to unstable, 
higher energy, or “excited,” states, from which they 
spontaneously return to more stable, or “ground,” states, 
usually with emission of a photon of light energy, called 
the “spontaneous emission of radiation.” Within the ac- 
tive medium some of the emitted photons strike other 
atoms that are already in energized or excited states, re- 
sulting in emission of two photons of light energy. This 
quantum process, called “stimulated emission of radia- 
tion,” is the key physical principle driving the produc- 
tion of laser light. More and more photons, all repre- 
senting an identical quantum of energy (i.e., of identical 
frequency and wavelength), are produced with constant 
bombardment of the active medium and, through the 
process of stimulated emission, eventuate an exponen- 
tial cascade of additional photon production. 


The final fundamental component of the laser device 
consists of a parallel array of mirrors, which bound the 
active medium and reflect the emitted light back and 
forth through the medium, producing yet more photons 
by means of stimulated emission, and additional light 
amplification. This mirror array also serves to select only 
those photons traveling perpendicular to the mirrored 
surfaces (thus all selected photons are travelling parallel 
to one another), with all others lost and dissipated as 
heat. One of the mirrored surfaces is fashioned so as to 
be only partially reflecting; and through this surface the 
end-product of the apparatus, a beam of laser light, is fi- 
nally emitted (Fig. 28.1). 

Laser light from common sources of white light illu- 
mination is unique in several ways. Laser light is mono- 
chromatic: a constant, pure wavelength of light, which 
is determined by the atoms that make up the active 
medium of the laser source. By contrast, white light is 
made up of a spectrum of wavelengths, with all colors 
melding to appear as white. Second, laser light is both 
spatially and temporally coherent: all of the individual 
photons or wavelengths of light, which can be de- 
scribed and depicted as sine waves, are exactly in phase, 
with the peaks and valleys of the waves perfectly 
aligned. Standard white light is not in phase and is non- 
coherent. Because of the nature of the mirror array 
within the laser source, the final unique property of 
laser light is that it is collimated: all of the photons or 
waves of light are parallel, traveling in exactly the same 
direction. The photons from a standard white light 
source, by contrast, are emitted in all directions. The 
combination of these unique properties makes laser 
light an intense, highly precise energy beam. For med- 
ical and surgical applications, the use of a beam of light 
to transmit energy to human tissues precisely and with 
a no-touch, atraumatic technique has many theoretic 
advantages, some but not all of which have been real- 
ized in clinical practice. 
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FIGURE 28.1. Essential components of a laser light energy 
source. 


Laser—Tissue Interaction 


When laser light strikes a tissue surface, the light may be 
absorbed, or it may be reflected away from the surface, 
scattered by the tissue, or transmitted through the tissue 
without effect. In general, it is the degree of absorption 
of the light by various tissue components that deter- 
mines the effect the laser beam has on a particular tis- 
sue. The nature of the interaction of laser light with hu- 
man tissues (i.e., the degree and nature of laser light 
absorption by human tissue) is a direct function of the 
wavelength of the laser light. In particular, because most 
tissue consists primarily of water, the absorption of a par- 
ticular laser wavelength by water becomes the primary 
determinant of how that wavelength interacts with soft 
tissues. To a lesser degree, depending on the laser wave- 
length, other tissue pigments, such as melanin or hemo- 
globin, may also influence laser—tissue interactions. 

By choosing a particular laser wavelength, the laser 
surgeon can choose the specific tissue effects that are de- 
sired for a specific operative intervention. For instance, 
a laser wavelength that is highly absorbed by water (e.g., 
the CO» laser) might be chosen to maximize tissue sur- 
face effects and produce vaporization of tissue; and it 
might be used to vaporize small skin lesions. On the 
other hand, the neodymium:YAG (Nd:YAG) wavelength 
is minimally absorbed by water and is transmitted several 
millimeters through most human tissues before signifi- 
cant absorption by tissue proteins occurs. Thus the 
Nd:YAG laser produces relatively deep thermal effects 
and tissue coagulation as its primary mechanism of ac- 
tion. Table 28.1 lists commonly used laser wavelengths, 
their use in urologic surgery, and their primary tissue ef- 
fects. 
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In addition to the inherent properties of individual 
wavelengths of laser light, tissue effects produced with a 
given wavelength may be varied to some extent by the 
operating surgeon. By varying the power setting on the 
laser source and the time of laser application, the rate of 
energy delivery and total energy delivery—and hence tis- 
sue effects—can be increased or decreased. Although 
laser light is, by definition, collimated, all surgical deliv- 
ery systems produce at least slight divergence of the laser 
light they emit, sometimes purposefully so. By drawing a 
delivery fiber farther away from tissue, the size of the 
spot of light created by the incident laser beam on the 
tissue gradually enlarges. If the energy of the beam re- 
mains constant (i.e., the power setting is not adjusted), 
the energy delivered to the tissue is distributed over a 
larger spot, and the overall energy density of the beam 
striking the tissue is lower. In this fashion, simply by mov- 
ing the laser delivery fiber closer or farther from the tis- 
sue (often described as focusing or defocusing the beam, 
respectively) the surgeon can vary the energy density 
striking the tissue and vary the surgical effect produced. 
For instance, greater tissue vaporization might be 
achieved with high energy density laser exposure in close 
proximity to tissue, whereas greater coagulation and he- 
mostasis might be achieved with no other adjustment ex- 
cept movement of the delivery fiber a few millimeters 
away from the tissue surface, thereby lowering the en- 
ergy density at the tissue surface. Side-firing delivery sys- 
tems have been developed for the Nd:YAG laser wave- 
length that purposefully create large beam divergences 
so as to produce low energy density laser applications 
and maximize total thermal energy transfer to large tis- 
sue volumes while producing minimal disruptive tissue 
surface effects. These devices have been used to “cook” 
large tissue volumes using laser energy and have had spe- 
cial application for prostatectomy. 

Another basic characteristic of laser sources that can 
significantly alter tissue effects is whether they emit laser 
light in a pulsed or continuous mode. Although for the 
same power setting pulsed and continuous-wave lasers 
deliver the same amount of energy over an identical 
time, the nature of the energy emission differs greatly. 
With a continuous-wave laser, energy application is con- 
stant at a relatively low, continuous rate. By contrast, a 
pulsed laser emits the same amount of total energy as 
multiple, brief (typically measured in microseconds), in- 
tense pulses of light. Thus the tissue treated is exposed 
to high energy peaks, separated by much longer periods 
of no energy application. In general, pulsed laser appli- 
cation limits thermal effects or coagulation of tissues be- 
cause it allows tissue cooling between individual pulses 
of laser light. The intense bursts of energy produced by 
pulsed laser sources also maximize nonthermal mechan- 
ical or acoustic effects, and thus all successful laser 
lithotripsy sources are pulsed lasers. 
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TABLE 28.1. Commonly used laser wavelengtths for genitourinary surgery 

Depth of Hemoglobin/ 

soft tissue water melanin Surgical 
Laser source Wavelength penetration absorption absorption Lithotripsy usage? 
Coumarin, pulsed dye 504 — = = P Li 
Argon 515 2.5° = F = Co 
Potassium-titanyl-phosphate (KTP) 532 4.0° - + — Co 
Gallium-arsenide (Diode) 805-1,000 4.0 = = = Co 
Neodymium:YAG (Nd:YAG) 1,064 5.0 = i = Co 
Holmium:YAG (Ho:YAG) 2,100 0.5 = =f: VC/Li 
Carbon dioxide (Cos) 10,600 0.1 ++ = = VC 


“Depth of penetration is significantly less in pigmented tissues. 


ê Primary surgical utility: Li = lithotripsy; Co = coagulation; VC = vaporization/cutting. 


Laser Instrumentation 


Today, a variety of instruments exists to deliver laser en- 
ergy to the operative field. Simplest and most straight- 
forward is the silica glass (often mistakenly called 
“quartz”) delivery fiber usable for most laser wave- 
lengths (Fig. 28.2). These fiberoptic delivery systems are 
small caliber (generally 200-1000 um diameter), are 
flexible (flexibility is inversely related to increasing diam- 
eter up to 1000 wm), can be easily passed through a vari- 
ety of endoscopes for endourologic applications or used 
free-hand, and produce a laser beam with minimum di- 
vergence (generally 8 degrees or less) and thus high en- 
ergy density emitted in the straight-ahead direction. The 
holmium:YAG (Ho:YAG) wavelength, at 2100 nm, can 
be transmitted through a silica glass fiber specially man- 
ufactured to have a low water content but otherwise 
identical to other laser fibers in terms of appearance 
and handling. Of the commonly used laser wavelengths 
(Table 28.1), the light from the COs laser cannot be 
transmitted through flexible fibers but requires a rigid, 
articulated arm mirror and lens system. This method of 
delivery restricts endourologic application and limits 
CO» laser use to external skin lesions and open surgery. 
For external or open surgery various handpieces and 
lens systems with variable focal lengths are available for 
the COs, Nd:YAG, KTP, argon, and Ho:YAG lasers. 
Contact laser devices represent a unique modality for 
use of Nd:YAG laser energy. A contact laser delivery sys- 
tem consists of a standard flexible laser transmission 
fiber, but to which a silica glass or artificial sapphire crys- 
tal tip has been affixed at the distal (or working) end. 
This sapphire tip is designed to absorb Nd:YAG laser en- 
ergy and become exceedingly hot, reaching perhaps sev- 
eral hundred degrees centigrade. Thus the effect of a 
contact laser system is to convert the Nd:YAG laser, 
which acts primarily as a tissue coagulator, to a “hot 
knife” instrument capable of vaporizing and incising tis- 


sues. This action is an indirect use of the Nd:YAG laser, 
which is almost entirely absorbed by the contact tip, with 
little laser light energy emitted from the delivery system 
to interact with tissue. Contact laser tips have no effect 
when not touching tissue and when in contact with tissue 
vaporize to no more than 1 mm depth with each pass of 
the instrument, the latter similar to the effect observed 
with a CO, laser. Contact laser tips of various sizes and 
geometric configurations are available (Fig. 28.3) that 
produce variable surface energy densities to modify tis- 
sue effects and that are suitable for either endoscopic or 
open surgical applications. Among them, “chisel” shapes 
have been particularly useful for endourologic tissue in- 
cision, and rounded probes have been used for bulk tis- 
sue vaporization. 

A variety of side-firing laser fibers has been devel- 
oped, primarily for endourologic applications. They rely 
on a distal reflecting mechanism—either a gold para- 
bolic mirror or the obliquely cut and polished surface of 
the laser fiber itself—at the end of a standard flexible 


FIGURE 28.2. End-firing fiberoptic laser transmission fiber. 


492 


FIGURE 28.3. Various contact laser tips including a chisel and 
small and large rounded probes. 


laser transmission fiber (Fig. 28.4). These fibers range 
from 3F to 10F in diameter and can be passed through 
standard rigid operating cystoscopes. Such delivery sys- 
tems not only deflect the laser beam laterally from the 
working axis of the fiber and scope, allowing easy access 
to tissue lateral to the urethral lumen, but cause the laser 
beam to diverge considerably, with angles of beam diver- 
gence between 15 and 35 degrees. This modification 
produces a relatively low energy density laser application 
compared to standard end-firing bare fibers. The pri- 
mary application of the new side-firing fibers has been 
for laser prostatectomy (discussed below), and they are 
now available for Nd:YAG, KTP, and Ho:YAG laser wave- 
length transmission. 

In addition to various fiber delivery systems, a variety 
of urologic endoscopes have been specifically designed 
for laser surgery. These endoscopes variably incorporate 
specialized deflecting bridges to direct and aim a flexible 
laser fiber tip, special beak designs, and continuous-flow 


FIGURE 28.4. Side-firing laser fiber with distal gold parabolic 
mirror. 
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irrigation systems to cool laser instruments. All of the 
laser delivery systems currently available also work well 
through standard endoscopes with no special laser adap- 
tations. 


Laser Treatment of Bladder 


and Urethral Tumors 


One of the first and most common applications for laser 
energy during genitourinary surgery has been in the 
treatment of tumors of the lower urinary tract. Small, su- 
perficial papillary transitional cell tumors of the bladder 
are most commonly encountered and are most 
amenable to laser ablation.! A free beam Nd:YAG laser 
has been used extensively for this indication, coagulating 
these tumors, their base, and the surrounding bladder 
mucosa. With the Nd:YAG wavelength, the endpoint of 
treatment is when the tumor and surrounding mucosa 
assume a pale, gray-white discoloration, often with some 
gross shrinkage but seldom with complete ablation of 
the exophytic tumor mass (Fig. 28.5). The necrotic, co- 
agulated bladder tumor later sloughs into the urinary 
stream. Because Nd:YAG light reliably penetrates with 
complete tumor necrosis only for a depth of a few mil- 
limeters, large tumors are not optimally treated with 
laser, although combination therapies of electrocautery 
resection for tumor debulking followed by Nd:YAG laser 
irradiation to treat the tumor base and achieve hemosta- 
sis have been described. Johnson reported using the 
Ho:YAG wavelength to successfully vaporize bladder tu- 
mors, leaving a flush base, which is not unlike the result 
from an electrocautery resection.? 

The lack of tumor histology with laser ablation, com- 
pared to standard resection techniques, eliminates the 
ability to assign a grade or pathologic stage (and hence 
accurate prognosis) to the lesion. This lack is a distinct 
disadvantage of laser treatment, especially now that urol- 
ogists have come to rely heavily on prophylactic intraves- 
ical therapy following resection of lesions of higher 
pathologic stage and grade. To some degree this disad- 
vantage can be overcome by cold cup biopsy sampling of 
the tumor prior to laser treatment, although this prac- 
tice obviates many of the advantages of pursuing laser 
therapy in the first place. Moreover, such sampling may 
or may not be representative of the grade and depth of 
invasion of the entire tumor. 

The most serious complication of Nd:YAG laser treat- 
ment of bladder tumors is injury to adjacent bowel. This 
rare event is most likely to occur during treatment or 
overtreatment of lesions at the bladder dome. It may oc- 
cur with or without obvious perforation of the bladder, as 
significant amounts of thermal energy can be conducted 
through the intact bladder wall to the bowel during 
Nd:YAG therapy. The insidious nature of this complica- 


28. Laser Surgery of the Genitourinary Tract 


493 


B 


FIGURE 28.5. Small, papillary bladder tumor before (A) and after (B) Nd:YAG laser coagulation. 


tion, often presenting without obvious bladder disrup- 
tion and with late bowel perforation and peritonitis 
sometimes only days after the laser operation, contributes 
to the potential risk posed. This kind of injury can be 
avoided by exercising care, especially during treatment of 
tumors at the bladder dome, and limiting the power set- 
tings and duration of Nd:YAG laser applications. 

It has been suggested that laser therapy might prove 
advantageous in the management of transitional cell car- 
cinoma of the bladder by reducing recurrence rates after 
resection. Theoretically, the no-touch approach using 
laser light without physical disruption of the tumor and 
potential spread of malignant cells through the irrigat- 
ing medium, as well as the possibility that the thermal 
energy produced by the laser might seal local lymphatic 
and blood vessels draining the tumor, are attractive. In 
practice, this potential reduction in tumor recurrence 
rates has never been clearly demonstrable. In probably 
the best study of this phenomenon, Beisland and Seland 
prospectively randomized patients to electrocautery re- 
section or Nd:YAG laser ablation of their bladder tu- 
mors.3 Although this study did show a diminished rate of 
local tumor recurrence following laser treatment, no dif- 
ference in the overall bladder tumor recurrence rate 
could be demonstrated in this careful analysis. The total 
exposure of the urothelium to carcinogenic substances, 
the so-called field effect described for transitional cell 
carcinomas, seems to outweigh any advantage conveyed 
by a no-touch laser resection technique. 

Recognized advantages of laser therapy include a rela- 
tive lack of patient sensation or stimulation of local ner- 
vous structures compared to electrocautery, significant 
hemostasis produced by the Nd:YAG laser wavelength, 
and the ability to transmit laser light through flexible 
fibers, allowing access behind the bladder neck with rigid 
deflecting mechanisms or flexible cystoscopes. The side- 
firing laser fibers may also facilitate treatment of some 


bladder tumors. Patients can be treated with little or no 
anesthesia, which may be particularly advantageous in 
the elderly ill individual. The hemostasis achievable with 
laser allows treatment of anticoagulated patients. The 
lack of significant anesthesia requirement and hemosta- 
sis together facilitate postoperative management without 
a catheter and outpatient treatment in most cases. Thus 
small papillary lesions, which are almost inevitably super- 
ficial and low grade, are most suitable to laser therapy. 
Small tumor recurrences, where the histologic diagnosis 
has been obtained at prior resection, may also prove 
good candidates for laser ablation. Multiple small tu- 
mors, lesions overlying the ureteral orifice or obturator 
nerve, difficult to reach lesions directly behind the blad- 
der neck, and tumors occurring in chronically ill patients 
who are either not safe candidates for anesthesia or are 
systemically anticoagulated may be particularly suitable 
for laser ablation. There are also a variety of benign, al- 
beit relatively rare, bladder lesions that can be similarly 
treated with laser energy. Of these, Nd:YAG laser light has 
proved particularly useful for treatment of benign he- 
mangiomas of the bladder in a hemostatic fashion. 
Transmural bladder lesions from endometriosis may also 
be candidates for Nd:YAG laser coagulation. 


Photodynamic Therapy 


Photodynamic therapy is a fascinating application of 


laser light for the treatment of transitional cell carci- 
noma of the bladder.5 With this modality, a photosens!- 
tizing agent is systematically administered to the patient 
prior to therapy. Hematoporphyrin derivatives have 
been commonly used as sensitizers and tend to be selec- 
tively concentrated in neoplastic growths with more 
rapid cellular proliferation and neovascularity compared 
to normal tissue. When exposed to laser light of the ap- 
propriate wavelength, singlet oxygen and superoxide 
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radicals are produced in sensitized tissues, and these cy- 
totoxic agents result in cell death. Thus this approach re- 
lies on biochemical reactions induced by laser light, 
rather than the thermal effects that characterize most 
laser—tissue interactions during typical surgical applica- 
tions. The most common laser source used for photody- 
namic therapy in the bladder has been a tunable dye 
laser coupled with an argon laser source, producing visi- 
ble red light at a wavelength of 630 nm. The delivery sys- 
tem consists of a transurethral probe that emits light in a 
spherical distribution and is capable of irradiating the 
entire bladder mucosal surface. 

The primary clinical indication for photodynamic 
therapy has been the treatment of diffuse disease of the 
bladder mucosa, whether carcinoma in situ or large 
numbers of papillary lesions. This modality may also 
have some value as a prophylactic treatment following 
resection of bladder tumors. The ability to achieve total 
bladder irradiation, in contrast to treating just focal ar- 
eas of the mucosa, makes photodynamic therapy particu- 
larly attractive in these situations. This operative ap- 
proach is technically cumbersome, however, and the 
necessary equipment is relatively expensive and of lim- 
ited availability compared to the now readily available, 
effective intravesical agents for immunotherapy and 
chemotherapy. Complications of photodynamic therapy 
include cutaneous photosensitivity, sterile cystitis, and 
bladder contracture. 


Urethral Tumors 


Benign condylomas, caused by the human papillo- 
mavirus, probably represent the most common tumors 
of the male urethra, occurring in approximately 5% of 
men with external genital lesions from the virus. Treat- 
ment of these benign urethral tumors can be problem- 
atic but is greatly facilitated by laser. Both Nd:YAG and 
Ho:YAG laser wavelengths may be used to ablate these le- 
sions with precision and hemostasis and with minimal 
risk of postoperative urethral stricture compared to elec- 
trocautery excision. There is no evidence that laser treat- 
ment produces a lower incidence of recurrent condylo- 
mas than other approaches. 


Laser Treatment of 
Upper Urinary Tract Tumors 


The ability to transmit laser light through thin, flexible 
delivery fibers makes laser a particularly advantageous 
instrument for ablation of tumors of the upper urinary 
tract. Especially during retrograde access to the upper 
urinary tract via a flexible ureteroscope, a flexible laser 
fiber may be the only useful tool for tumor ablation. 
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Both free-beam Nd:YAG and Ho:YAG laser wavelengths 
can be utilized for this application. 

Small papillary transitional cell tumors of the ureter or 
renal pelvis and the occasional upper tract hemangioma 
that causes gross hematuria are the most common le- 
sions of the upper urinary tract that might be amenable 
to laser ablation. The same disadvantages of laser ther- 
apy described for treatment of bladder tumors are mag- 
nified during treatment of malignant lesions of the up- 
per urinary tract. In particular, the muscular walls of the 
ureters and renal pelvis are much thinner than the blad- 
der wall. Carcinomas arising in the upper tract tend to 
present at a more advanced stage and grade (the lack of 
tissue specimen for histologic analysis and staging thus 
creates a distinct problem with laser treatment). More- 
over, follow-up after conservative therapy to monitor for 
tumor recurrence or progression is at once more impor- 
tant and much more difficult than routine cystoscopic 
follow-up of bladder tumors. Thus conservative manage- 
ment of transitional cell carcinoma of the upper urinary 
tract, including laser ablation, must be undertaken only 
with caution and in carefully selected patients. The pa- 
tient with a solitary kidney or limited global renal func- 
tion is the most reasonable candidate. 


Laser Treatment of 
External Genital Lesions 


Condyloma acuminatum, often referred to as genital 
warts, represent the most common benign lesions of the 
external genitalia. Laser excision of these tumors offers 
the twin advantages of improved cosmesis and less post- 
operative discomfort compared to standard surgical ap- 
proaches to this disease. Nd:YAG, COs, and KTP laser 
wavelengths are suitable for ablation of these external le- 
sions. For bulky condylomas multiple, sequential laser 
treatments may be necessary to achieve complete abla- 
tion of the tumor mass. 

The condylomas are painted with the laser beam. With 
the CO, laser, lesions are vaporized. With the Nd:YAG 
and KTP wavelengths, laser exposure is continued until 
the entire exposed surface of the lesion becomes car- 
bonized or pale and discolored. The surrounding normal- 
appearing skin is also coagulated over a radius of a few 
millimeters to help reduce recurrence. The KTP wave- 
length may have some advantage for treating darkly pig- 
mented lesions or skin. Condylomas commonly involve 
the external urethral meatus and can often be everted 
and irradiated with laser light without resorting to ure- 
throscopy. After laser coagulation, the treated tumor 
gradually sloughs over a few weeks. After 4-6 weeks, pa- 
tients with bulky lesions can be reassessed for possible re- 
treatment if needed. 


28. Laser Surgery of the Genitourinary Tract 


Another benign lesion, occurring at the external ure- 
thral meatus in women, is the urethral caruncle. These 
inflammatory, polypoid tumors may become tender and 
symptomatic, necessitating therapy. Ablation with 
Nd:YAG, COs, or KTP lasers is effective; and these le- 
sions generally do not recur. If there is any question re- 
garding the diagnosis (i.e., if carcinoma is suspected), 
formal excision for histologic examination is indicated 
rather than laser ablation. Superficial hemangiomas and 
other benign skin lesions involving the external genitalia 
rarely present for therapy, but they are also readily 
amenable to laser ablation when indicated. 

Laser treatment of premalignant and malignant squa- 
mous cell lesions of the external genitalia is controver- 
sial. Histologic confirmation by biopsy is indicated prior 
to treatment in these cases. Either the Nd:YAG, COs, or 
KTP laser wavelengths can then be used to ablate these 
lesions in a manner identical to that described for condy- 
loma acuminatum. Squamous carcinoma in situ and per- 
haps small and superficial squamous cell carcinomas of 
the external genitalia might be safely managed using this 
minimally invasive modality. It should be emphasized 
that no definitive study yet exists to support the efficacy 
and long-term freedom from recurrence for such pa- 
tients treated with laser compared to more standard ap- 
proaches. 


Laser Tissue Welding 
and Anastomosis 


Laser light has been utilized to assist in joining tissues to- 
gether, so-called laser welding. The Nd:YAG and CO» 
laser wavelengths have been most commonly used for 
this application. Although laboratory studies in animal 
models have demonstrated the potential utility of laser 
welding in ureteral and urethral repairs, these indica- 
tions are still investigational. 

Microsurgical reanastomosis of the vas deferens follow- 
ing vasectomy (vasovasostomy) has now been successfully 
performed with laser assistance in humans.® This tech- 
nique may offer some advantage in speed, simplicity, and 
decreased postoperative leakage compared to standard 
sutured anastomoses. With the increasing employment 
of laparoscopic approaches in genitourinary surgery, 
laser tissue welding may prove an attractive tool because 
of its relative ease, simplicity, and the adaptability of 
lasers to endoscopic utilization compared to relatively 
cumbersome present-day laparoscopic suturing and sta- 
pling techniques. The development of superior laser 
welding techniques and technologies, such as the use of 
protein “solders” to strengthen laser welds and anasto- 
moses, promise to make this approach even more ap- 
pealing in the future. 
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Laser Incision of Urethral 
Strictures and Bladder Neck 


Urethral strictures and bladder neck contractures are 
relatively common obstructing lesions of the lower uri- 
nary tract. They consist of concentric, constricting fi- 
brous scar and may result from a variety of inflammatory 
and traumatic insults. Today urethral catheterization 
and other iatrogenic manipulations are responsible for 
many urethral strictures. Transurethral resection of the 
prostate may produce stricture or contracture of the 
bladder neck, and contracture of the bladder neck anas- 
tomosis is not uncommon following radical prostatec- 
tomy. The primary treatment for such lesions is generally 
transurethral incision, which may be effectively per- 
formed with laser instruments. 


Internal Urethrotomy 


Operating through a small-gauge cystoscope, strictures 
of the anterior urethra can be incised under direct vision 
(Fig. 28.6). Dorsal (12 o’clock position) incision of the 
urethra is recommended to avoid inadvertent creation 
of a urethrocutaneous fistula. For internal urethrotomy 
to be effective, regardless of the incising instrument 
used, it is generally thought that incisions must be car- 
ried through the entire depth and length of the fibrous 
plaque that forms the stricture. 

Almost all common surgical laser wavelengths and in- 
struments have been used at one time or another to in- 
cise urethral strictures. Nd:YAG and KTP lasers can be 
used, but absorption of these wavelengths results in sig- 
nificant heat transfer to surrounding tissues, and there is 
concern that the resulting thermal injury may in fact 
promote recurrence of the stricture. True incising or va- 
porizing laser tools are thus, at least theoretically, better 
suited for this operation. The Nd:YAG contact laser, us- 
ing a small sapphire chisel headpiece, has been used ef- 
fectively to perform internal urethrotomy.’? More re- 
cently, a free-beam Ho:YAG laser has been used 
successfully.8 

Although slower than transurethral incision with a 
cold knife, laser internal urethrotomy offers improved 
control and precision with superior hemostasis. Laser in- 
ternal urethrotomy has been performed in fully antico- 
agulated patients with good hemostasis. During laser in- 
cision, because of this hemostasis and the careful, 
layer-by-layer dissection through the fibrous urethral 
plaque that laser allows, the operator can directly visual- 
ize the extent of the plaque and the soft tissue layers be- 
yond the plaque when the incision is completed. Vapor- 
izing laser wavelengths such as the Ho:YAG may ablate 
part of this fibrous plaque as well, rather than simply in- 
cising it. Although in theory these combined advantages 
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can reduce stricture recurrence after laser therapy com- 
pared with standard cold knife techniques, a reduction 
has not yet been demonstrable in clinical trials.7 Most 
surgeons leave a urethral catheter in place for a number 
of days following internal urethrotomy to facilitate heal- 
ing and assist in control of bleeding. Because of the rela- 
tive hemostasis of laser incisions, at least some patients 
can be managed without catheterization following laser 
internal urethrotomy. 


Bladder Neck Incision 


Contractures of the bladder neck can be similarly in- 
cised with laser instruments, regardless of etiology. 
These procedures may be performed at any clockface 
position around the circumference of the bladder neck, 
but paired lateral incisions (3 and 9 o’clock) and a sin- 
gle posterior incision (6 o'clock) are probably most 
commonly utilized. For bladder neck contractures oc- 
curring after radical prostatectomy, the rectum may be 
closely applied to the bladder neck anastomosis posteri- 
orly, and laterally placed incisions are probably safer 
and preferable. The fibrous contracture should be in- 
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FIGURE 28.6. Tight urethral stricture before (A), during a 12 
o'clock incision with a Ho:YAG laser using an end-firing fiber 
(B), and after laser incision with notable hemostasis (C). 


cised deeply and completely, exposing perivesical fat, to 
ensure efficacy. 

The Nd:YAG contact laser, utilizing a large sapphire 
chisel tip, is well suited to this operation. A free-beam 
Ho:YAG laser is also effective for this application, and 
high pulse energies can be used to incise even the dens- 
est fibrous contracture of the bladder neck. 


Laser Incision of 
Ureteral Strictures 


Stricture of the ureter may be congenital, as in the case 
of primary ureteropelvic junction (UPJ) obstruction, or 
acquired after trauma (e.g., passage of a stone) or iatro- 
genic manipulations (ureteroscopy). The resulting nar- 
rowing and obstruction of the ureter typically produces 
higher pressures and gradual dilation in the upper uri- 
nary tract, often progressing to renal deterioration if un- 
corrected. 

In the past most treatments involved open surgical cor- 
rection of the ureteral lesion, but more recently the de- 
velopment of relatively delicate rigid and flexible 
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ureteroscopes allows endoscopic access to any segment 
of the ureter. This access combined with flexible, small- 
caliber cutting instruments now allows many of these stric- 
tures to be incised endoscopically (endoureterotomy). 

The Ho:YAG laser wavelength, transmitted through a 
small, flexible fiber, can be employed through even the 
smallest working flexible ureteroscopes and utilized to 
incise strictures anywhere along the ureter. The delicacy 
and flexibility of the available fiberoptic transmission de- 
vices, combined with the precision and control with 
which laser incisions can be performed, make laser light 
a particularly useful tool for endoureterotomy. Ideally, 
full-thickness incision of the ureter, until retroperitoneal 
fat or extravasation of injected contrast material can be 
visualized, is recommended to achieve optimal results 
and limit recurrence of the stricture. Obviously, the op- 
erating surgeon must have a keen knowledge of the local 
retroperitoneal vascular anatomy in the region of the 
ureteral stricture so that such an incision does not pre- 
cipitate a major vascular injury. Following endoureter- 
otomy, a large-caliber (at least 8F size) ureteral stent is 
left in place for a number of weeks to limit urinary ex- 
travasation and facilitate healing. 


Ureteroenteric Strictures 


Strictures commonly occur at the anastomosis of the 
ureter to the bowel after urinary diversion. Such uretero- 
enteric strictures have generally required open revision 
in the past but now can be accessed endoscopically with 
modern flexible instruments. A cutting laser wavelength 
such as that of the Ho:YAG laser transmitted through a 
flexible fiber is particularly well suited for incision of 
these lesions. Because the ureter lies in a nonanatomic 
location following diversion to bowel, even greater care 
must be taken to assess the local vascular anatomy prior 
to these incisions, often necessitating advanced radio- 
graphic imaging. 


Endopyelotomy 


For obstructions at the UPJ, endoscopic access is most 
commonly gained through dilation of a percutaneous 
nephrostomy tract, allowing antegrade introduction of 
large-caliber, rigid endoscopes. An endoscopic cold 
knife has been used most often to incise the UPJ (endo- 
pyelotomy), but a cutting laser instrument is also suited 
to this task and may offer advantages of precision and 
improved hemostasis. 

The Ho:YAG laser has been employed successfully for 
endopyelotomy.8 Because a large-caliber, rigid nephro- 
scope can be placed with percutaneous access, a Nd:YAG 
contact laser with a small chisel headpiece might also be 
suitable for this indication. The incision for endopyel- 
otomy is typically placed posterolaterally along the ureter 
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to avoid major blood vessels and should be full-thickness 
with visualization of perirenal fat or contrast extravasa- 
tion through the incision. Ureteral stents up to 14F have 
been specifically designed for use after endopyelotomy. 


Other Upper Tract Incisions and 
Soft Tissue Laser Applications 


Rarely, the infundibulum to a renal calyx becomes stric- 
tured. If this infundibular stenosis assumes clinical sig- 
nificance, it may be incised using an antegrade (percuta- 
neous) or retrograde (ureteroscopic) approach. The 
Ho:YAG laser, with its flexible-fiber transmission, may be 
used for either approach. A Nd:YAG contact laser with a 
small sapphire chisel tip may be used through a rigid 
nephroscope to perform such an infundibulotomy. 

Another relatively rare renal lesion is the calyceal di- 
verticulum, which may harbor stones or infection. Treat- 
ment via percutaneous access typically includes opening 
the narrow neck of the diverticulum, which is facilitated 
by an incising laser. Laser lithotripsy (see below) may fa- 
cilitate treatment of stones contained within the divertic- 
ulum. The Ho:YAG laser wavelength is capable of incis- 
ing the diverticular neck and performing lithotripsy in 
such a case. Finally, definitive treatment of a calyceal di- 
verticulum requires ablation of its epithelial lining. A 
free-beam Nd:YAG laser can be used for this application. 

Treatment of the rarely symptomatic benign renal cyst 
similarly involves a percutaneous approach with drain- 
age and ablation of the epithelial lining of the cyst to 
prevent recurrence. A coagulating laser wavelength such 
as the Nd:YAG can be used to “paint” the interior of the 
cyst for this purpose. | 


Laser Lithotripsy 


Pulsed laser light can be used effectively to fragment uri- 
nary calculi.9 It has been postulated that laser energy 
creates a local plasma at the surface of a calculus, with 
rapid expansion and collapse of the plasma “bubble,” 
producing shock waves capable of physical disruption of 
the stone. It is not clear that this action is indeed the ac- 
tual or only mechanism of laser lithotripsy; furthermore, 
the mechanisms may vary among laser wavelengths, laser 
pulse durations, and other physical characteristics of the 
laser light. The most common laser source used for 
lithotripsy has been a pulsed dye laser with a wavelength 
of 504 nm. The Ho:YAG laser wavelength has also proved 
to be an excellent lithotriptor. Other laser sources, in- 
cluding the Alexandrite and Q-switched Nd:YAG lasers, 
have demonstrated much less clinical utility for this ap- 
plication. 
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Compared to instruments for mechanical stone frag- 
mentation or ultrasonic lithotripsy, the ability to transmit 
pulsed dye or Ho:YAG laser light through a thin, flexible 
fiber confers a significant advantage to laser for intra- 
corporeal lithotripsy, especially for calculi located in the 
ureter and upper urinary tract. These laser fibers can be 
easily employed through small-caliber rigid uretero- 
scopes or flexible ureteroscopes. The wavelength of the 
pulsed dye laser is particularly innocuous to tissue and 
therefore poses almost no risk of laser injury to the 
ureter or renal pelvis compared to other techniques. 
The Ho:YAG wavelength is capable of tissue vaporiza- 
tion, but for ureteral lithotripsy it is used at low pulse 
energies and frequencies. It produces significantly less 
mucosal trauma than is typically observed with electrohy- 
draulic lithotripsy. Both pulsed dye and Ho:YAG laser 
lithotripsy produce a much less pronounced mechanical 
pulse during stone fragmentation than do nonlaser 
lithotripsy instruments and thus cause much less ten- 
dency for the stone to “bounce” or migrate back up the 
ureter (potentially to a less accessible location) during 
treatment. In this regard, the Ho:YAG wavelength proba- 
bly results in less retrograde stone propulsion than the 
pulsed dye laser. 

The pulsed dye laser is relatively inefficacious for frag- 
menting hard cystine calculi and some calcium oxalate 
monohydrate stones with dark or black coloration. The 
Ho:YAG laser appears capable of disrupting all known cal- 
culi, regardless of composition or color. Furthermore, the 
Ho:YAG can be used to pulverize most calculi into small 
fragments or powder and thus can eliminate the concern 
and possible need to mechanically retrieve or remove 
residual stone fragments. Additionally, at higher power 
settings (beyond what might be considered safe for rou- 
tine use in the ureter) the Ho:YAG has proved to be an ef- 
ficient lithotriptor even for treatment of relatively large 
calculi in the bladder or renal pelvis (Fig. 28.7). 


FIGURE 28.7. Fragmentation of a bladder calculus in progress, 
using the Ho:YAG laser and an end-firing flexible fiber. 
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Laser Sphincterotomy 


In patients with neurogenic bladder dysfunction and de- 
trusor sphincter dyssynergia, surgical ablation of the 
muscular sphincteric mechanisms of the bladder outlet 
may represent effective therapy to reduce bladder pres- 
sures and preserve renal function. Transurethral inci- 
sions are made anteriorly (at 12 o’clock or at 10 and 2 
o'clock). Generally, these incisions begin at and include 
the bladder neck; they are continued distally through 
the external sphincter. The incisions must be made 
deeply to adequately disrupt the external sphincter. 

Perkash has had the most extensive experience with 
the use of laser instruments to perform sphincterotomy. 
He used both Nd:YAG contact lasers—preferring a large 
chisel-shaped sapphire headpiece—and a free-beam 
Ho:YAG laser with success. Because of the required 
depth of the incisions through the external sphincter, 
hemorrhage has been a significant complication of this 
operation using electrocautery in the past, but Perkash 
reported significantly improved hemostasis and less 
morbidity with laser sphincterotomy.10 


Laser Prostatectomy 
and Prostatotomy 


The management of bladder outlet obstruction due to 
benign prostatic hyperplasia (BPH) is the most common 
surgical problem faced by urologists. All successful surgi- 
cal interventions either debulk the overgrown, obstruct- 
ing periurethral transition zone of the prostate or, with 
small glands, incise the prostate deeply to relax and 
open the bladder outlet. Lasers have proved useful, ad- 
vantageous instruments for both transurethral prostatec- 
tomy and transurethral incision of the prostate or prosta- 
totomy. 

The Nd:YAG laser wavelength has been used exten- 
sively to perform laser prostatectomy. The success of this 
technique relies on the transmission of large amounts of 
thermal energy (typically tens of thousands of joules) to 
the obstructing transition zone of the prostate to pro- 
duce coagulation necrosis with subsequent tissue slough 
(Fig. 28.8). Large volume tissue losses, producing a so- 
called prostatectomy defect, can be achieved with proper 
application of this technique (Fig. 28.9). Laser prostatec- 
tomy has been facilitated by the development of side- 
firing delivery fibers, which are used under direct vision 
through standard operating cystoscopes (Fig. 28.4). In 
addition to deflecting the Nd:YAG beam into the ob- 
structing prostate, these side-firing fibers cause signifi- 
cant divergence of the laser beam (up to 35 degrees), 
such that a relatively low energy density beam results. 
This beam, combined with the inherent tissue absorp- 
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FIGURE 28.8. Transverse section through a human prostate im- 
mediately after transurethral Nd:YAG laser coagulation of the 
transition zone, which appears as a pale, “cooked” region in 
the center of the gland. | 


tion characteristics of the Nd:YAG wavelength, promotes 
deep coagulation of large volumes of the prostatic transi- 
tion zone, which is necessary to perform an adequate 
prostatectomy. 

Clinical trials have demonstrated the efficacy of 
Nd:YAG laser coagulation prostatectomy in relieving 
symptomatic bladder outlet obstruction (Table 28.2) 
and the much decreased perioperative morbidity associ- 
ated with this technique compared to standard electro- 
cautery resection of the prostate (TURP).11-14 There is a 
much lesser degree of bleeding, significantly diminished 
transfusion requirement, minimal intraoperative absorp- 
tion of irrigation fluid, significantly less postoperative 
incontinence, and fewer postoperative complications in- 
cluding urethral strictures and bladder neck contrac- 
tures. Even patients with severe coexisting cardiopul- 
monary disease and multiple other medical problems 
who might not be considered candidates for standard 
TURP can safely undergo laser prostatectomy. The in- 
herent hemostatic nature of the Nd:YAG laser has per- 
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FIGURE 28.9. Transverse section through a human prostate 1 
year after transurethral Nd:YAG laser prostatectomy, demon- 
strating a large central prostatectomy defect produced after 
slough of coagulated tissue. 


mitted safe treatment of even systemically anticoagulated 
patients. 

Nd:YAG laser coagulation of the prostate has also been 
successfully achieved using a variety of probes placed in- 
terstitially within the prostatic parenchyma. Interstitial 
placement of these fine laser probes can be achieved 
transurethrally or transperineally, with or without trans- 
rectal ultrasound guidance. Standard Nd:YAG lasers and 
the newer diode laser sources have been used for this ap- 
plication. Clinical results appear good in early trials. 
There is no obvious advantage of this slightly more inva- 
sive and cumbersome technique to transurethral irradia- 
tion of the prostate using a side-firing Nd:YAG laser 
fiber. 

An alternative approach to Nd:YAG laser coagulation 
of the prostate consists of using a variety of laser tech- 
niques to produce immediate vaporization of obstructing 
prostatic tissue. A Nd:YAG contact laser, typically using a 
large round contact probe, is capable of vaporizing tissue. 


TABLE 28.2. Observed voiding outcomes through 3 years of postoperative follow-up after Nd:YAG laser coagulation prostatectomy 


Parameter 
Preop 3 6 
AUA symptom scores 20.3 10.0 8.7 
(214) (182) (156) 
Peak flow rates (ml/s) 7.3 15.2 16.3 
(216) (175) (148) 
Postvoid residuals (ml) 41] 158 160 
(198) (167) (148) 


Months Postoperatively 


12 24 36 
8.0 8.6 5.7 
(130) (56) (10) 
17.0 18.3 18.5 
(119) (45) (10) 
156 134 131 
(118) (45) (10) 


Data are from Kabalin et al.14 
AUA = American Urological Association. 


Numbers in parentheses represent the number of patients evaluated at each postoperative interval. 
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However, this is relatively inefficient and suitable only for 
very small prostate glands. This approach is also less he- 
mostatic than simple Nd:YAG laser coagulation of the 
prostate. Others have tried to vaporize tissue with the free 
beam Nd:YAG laser at very high power settings. However, 
the Nd:YAG wavelength produces primarily tissue coagu- 
lation at power settings even up to 100 watts, and only rel- 
atively inefficient tissue vaporization. More recently, the 
Ho:YAG laser has shown the ability to vaporize tissue 
much more efficiently than contact devices or Nd:YAG or 
KTP free beam lasers. A technique of Ho:YAG laser resec- 
tion of the prostate (HoLRP) has been described which 
utilizes the vaporizing and incising ability of the Ho:YAG 
laser to maximum efficiency, literally carving out or re- 
secting the obstructing prostate tissue transurethrally.16-17 
This approach has proven applicable to a wide range of 
prostate sizes. In initial clinical trials, HoLRP has demon- 
srated the ability to combine the hemostasis and minimal 
morbidity of prior laser prostatectomy approaches with a 
very short postoperative catheterization time—typically 
overnight. Because all obstructing prostate tissue is re- 
sected and removed intraoperatively, postoperative im- 
provement in urination is immediate, like classic TURP. 

In small prostates, typically estimated to consist of 15 g 
or less excess BPH tissue, transurethral incision of the 
prostate (prostatotomy, or TUIP) has been shown to be 
equally effective and produce less morbidity than prosta- 
tectomy. This operation consists of deep incision 
through the bladder neck and prostate to the level of the 
verumontanum, through the prostatic capsule, exposing 
periprostatic fat. Incisions at all clockface positions have 
been utilized with success, but paired 5 and 7 o’clock or 
3 and 9 o'clock incisions are probably most popular. This 
relatively simple operation can be effectively performed 
using a number of laser sources. 

A free-beam Nd:YAG laser at a high power setting or 
KTP laser can be used to incise the prostate. Both of 
these lasers are less efficient than a Nd:YAG contact laser 
using a large chisel tip to deeply incise the prostate. The 
Ho:YAG laser has also been used to perform TUIP suc- 
cessfully. All of these laser sources produce a more he- 
mostatic incision than electrocautery, although whether 
this difference is clinically significant remains to be 
proved for TUIP. 


Conclusions 


As a surgical tool, laser light offers the urologist a num- 
ber of specific advantages for managing various patho- 
logic conditions of the genitourinary tract. Nonetheless, 
the full potential and promise of laser energy has yet to 
be realized in urologic surgery. As laser sources and in- 
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strumentation improve, the utility and application of this 
unique energy source for treatment of urologic disor- 
ders will continue to increase. 
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Fallopian Tube Recanalization 


Amy S. Thurmond 


Fallopian tube catheterization was developed as an inter- 
ventional extension of hysterosalpingography to im- 
prove visualization of fallopian tube anatomy and to 
treat infertility caused by proximal fallopian tube ob- 
struction. 


History 


The placement of small guidewires and catheters in the 
fallopian tube using fluoroscopic guidance developed 
from frustration with conventional hysterosalpingogra- 
phy and the inability to visualize the fallopian tubes in 
cases of cornual muscle spasm or because of underfill- 
ing of the tubes. Fallopian tube catheterization proved 
to be a simple, relatively noninvasive method for deter- 
mining tubal patency in patients who otherwise would 
have required laparoscopy or laparotomy for tubal diag- 
nosis.l-3 

In some patients it was noted that initial resistance to 
passage gave way after repeated back-and-forth move- 
ments of the guidewire supported by the catheter. Many 
of these patients with long-standing infertility conceived 
shortly thereafter, and it was postulated that fallopian 
tube catheterization had treated an anatomic obstruc- 
tion.3,4 Previously, the only therapy available for a 
woman with proximal tubal obstruction was major 
surgery with tubal reimplantation (30% subsequent 
pregnancy rate),5 tubocornual reanastomosis (< 50% 
subsequent pregnancy rate),6 or in vitro fertilization 
(15% chance of pregnancy).7 Fallopian tube catheteriza- 
tion has also been used to place sperm in normal fallo- 
pian tubes using ultrasound guidance.8.9 


Technique 


Fallopian tube catheterization is performed during the 
follicular phase of the cycle following the cessation of 


menstrual bleeding.10-12 Patients receive prophylactic 
doxycycline (Warner Chilcott, Morris Plains, NJ) antibi- 
otic for 5 days, either 100 mg bid starting 2 days before 
the procedure or 200 mg just before the procedure and 
continuing 100 mg bid for 5 days. Intravenous midazo- 
lam (Hoffman-LaRoche, Nutley, NJ) and fentanyl 
(Elkins-Sinn, Cherry Hill, NJ) are given as needed for 
patient discomfort. 

Using sterile technique, a hysterosalpingography de- 
vice is applied to the external cervix via a vacuum cup 
(Hysterocath; Cook, Bloomington, IN; or Cook OB/GYN, 
Spencer, IN). Conray-60 (Mallinckrodt, St. Louis, MO) 
contrast agent is used, and conventional hysterosalpin- 
gography is performed (Fig. 29.1A). If an obstruction is 
confirmed, a series of catheters and guidewires are coax- 
ially advanced (Rosch-Thurmond Fallopian Tube Set; 
Cook). First, the 9F sheath is introduced in the lower 
portion of the uterine cavity, and the 5.5F catheter is ad- 
vanced into the uterine cornu with the help of a 0.035 
inch diameter guidewire. Contrast agent is then injected 
directly into the tubal ostium in an attempt to visualize 
the tube (Fig. 29.1B), which is successful in approxi- 
mately 20% of patients. If obstruction of the fallopian 
tube persists, which occurs in about 80% of patients, the 
0.015 inch diameter guidewire with a soft platinum tip is 
advanced into the fallopian tube and attempts are made 
to recanalize the tube with short back-and-forth move- 
ments of the guidewire. When this step is accomplished, 
the 3F catheter is advanced over the guidewire to dilate 
the recanalized proximal segment. The guidewire is 
then removed, and the contrast agent is injected to visu- 
alize the entire fallopian tube and to confirm tubal re- 
canalization. When the obstruction lies more than ap- 
proximately 2 cm from the tubal ostium, or when there 
is an angulation in the tube that must be traversed, re- 
canalization is performed with a softer, tapered 
guidewire and catheter system (Target Therapeutics, 
Santa Monica, CA), which easily follows the curves of the 
fallopian tube (Fig. 29.1D). 
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FIGURE 29.1. A 36-year-old woman had 5 years of infertility. 
(A) Initial hysterosalpingogram confirms bilateral proximal 
tubal obstruction. (B) Forceful injection into the right tubal 
ostium fails to open the tube. (C) A 3F catheter was carefully 
advanced over a guidewire 1 cm into the tube. The injection 
faintly visualized an obstruction approximately 2 cm from the 
uterine cavity. (D) Because of the more distal location of the 
obstruction, the standard small catheter was exchanged for a 


softer, tapered catheter, which was used along with a softer 
guidewire to successfully recanalize the obstruction. Injection 
(tip of catheter indicated by radiopaque bead) confirms a suc- 
cessful procedure and helps to visualize distal tubal anatomy. 
(E) Similar procedure was then performed on the left side, 
and repeat hysterosalpingogram at the end of the procedure 
shows that both tubes are now open and appear normal. 


29. Fallopian Tube Recanalization 


Fluoroscopy time is approximately 3-6 minutes per 
side. The absorbed radiation dose to the ovaries, calcu- 
lated from dosimeters placed in the vagina, is usually less 
than 1 rad.13 


Complications 


Most patients experience some discomfort, which is re- 
lated more to manipulations in the uterus than in the 
fallopian tube. All patients have mild vaginal bleeding 
following the procedure for 2-3 days but are able to re- 
sume normal activities. 


C 


FIGURE 29.2. A 24-year-old woman had 2 years of infertility. 
(A) Initial hysterosalpingogram show a flexed uterus and bilat- 
eral proximal tubal obstruction. (B) Traction is placed on the 
uterus using the Hysterocath attached to the cervix by a vac- 
uum cup. The guidewire is advanced to the level of the ob- 
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Fallopian tube perforation has occurred in approxi- 
mately 5% of our patients and has usually been related to 
an obstruction in the isthmic portion of the tube rather 
than in the interstitial portion. The appearance is that of 
a contained perforation (Fig. 29.2). When a fallopian 
tube perforation using similar technique was directly ob- 
served by laparoscopy, the perforation was on the anti- 
mesenteric border of the tube, away from the vascular 
supply.!4 The patients in whom perforation occurred did 
not undergo additional monitoring or treatment, and fol- 
low-up did not reveal any harmful sequelae. 

The ectopic pregnancy rate following catheter recanal- 
ization is difficult to determine, as many of these pa- 


struction on the right side. (C) Injection via the 3F catheter in 
the tube reveals a small, contained perforation at the site of the 
obstruction. (D) Use of a similar technique on the left side re- 
sulted in a patent, normal-appearing tube. The patient con- 
ceived during the same week of the procedure. 
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FIGURE 29.3. A 37-year-old woman had had surgical reversal of 
tubal ligations 3 years ago. Forceful injection into the right 
tube via the 5.5F catheter placed in the tubal ostium (arrow in- 
dicates catheter tip) resulted in a patent tube. The patient con- 
ceived within a week of the procedure, but it was an ectopic 
pregnancy located in the ampullary portion of the right tube. 


tients have known tubal disease or have had previous 
tubal surgery, both of which are risk factors for tubal 
pregnancy. Patients who have had fallopian tube 
catheterization and who have symptoms of pregnancy 
should undergo pelvic ultrasonography to document an 
intrauterine pregnancy. The following case history 1s il- 
lustrative. 


Case 1 (Fig. 29.3). A 37-year-old woman had undergone surgi- 
cal tubal ligations 15 years ago, followed by surgical reanasto- 
mosis of the tubes 3 years ago. Postoperative hysterosalpingog- 
raphy (HSG) showed a patent but short left tube and blockage 
of the right tube in the interstitial portion. At the time of fal- 
lopian tube catheterization, a second HSG confirmed these 
findings. Forceful ostial injection resulted in right tubal pa- 
tency, and the patient conceived within a week of the proce- 
dure. Approximately 6 weeks later, however, she developed 
pelvic pain and vaginal bleeding, and laparotomy revealed a 
right ectopic pregnancy, located in the ampullary portion of 
the tube just distal to the surgical anastomosis approximately 
2 cm from where the tip of the catheter had been. Presumably 
the tubal pregnancy was not caused by catheter trauma but in- 
stead resulted from opening a shortened, defective tube. 


Findings 


Approximately one-third of patients who undergo fallo- 
pian tube catheterization for proximal tubal obstruction 
(unilateral or bilateral) have normal tubes demon- 
strated (Figs. 29.1, 29.2). Another one-third have normal 
tubes, but the appearance of the peritoneal spill suggests 
peritubal adhesions. Of the remaining patients, approxi- 
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mately 8% each have a small dilation at the site of the re- 
canalization, frank salpingitis isthmica nodosa, or a hy- 
drosalpinx (Fig. 29.4). Approximately 8% will have un- 
successful attempts at recanalization. The latter category 
usually contains patients with a uterine deformity or ob- 
struction more distal in the tubes in the isthmic region. 
Approximately 5% are studied because of proximal ob- 
struction after ligation-reversal surgery; if the tube is suc- 
cessfully recanalized, there is often a stenosis at the liga- 
tion reversal site (Fig. 29.3). 


Treatment Potential 


To compare the pregnancy rate of fallopian tube 
catheterization with current surgical techniques, it is 
necessary to compare a large number of successfully 
catheterized women whose infertility has been convinc- 
ingly attributed to bilateral proximal obstruction with 
similar women who have undergone surgical proce- 


‘dures. Some argue that this comparison is not necessary, 


as fluoroscopic catheterization is so inexpensive and 
atraumatic compared to surgery that almost any preg- 
nancy rate following the procedure justifies its use. At 
this point, it is best to examine a few case histories, and 
then look at our early results. 


Case I (Fig. 29.1). A 36-year-old nurse-midwife had had 5 years 
of primary infertility. She ovulates most months, and her hus- 
band’s sperm count and sperm motility are normal. Their post- 
coital test is normal. Two HSGs and one laparoscopy have 
shown bilateral proximal tubal obstruction. Interestingly, the 
laparoscopy showed that there was no distal tubal disease and 
no pelvic adhesions. After successful tubal recanalization, this 
couple has had two children. 


Case 2 (Fig. 29.2). A 24-year-old woman had had 2 years of sec- 
ondary infertility. She had a therapeutic abortion at age 17 and 
no history of intrauterine device use or pelvic infections. Simi- 
lar to case 1, all preliminary laboratory studies were normal, 
and two HSGs and one laparoscopy showed isolated bilateral 
proximal tubal obstruction. One of her fallopian tubes was suc- 
cessfully recanalized fluoroscopically. She conceived within a 
week of the procedure and has delivered a normal infant. 


Among 20 women who were clearly candidates for 
tubal microsurgery or in vitro fertilization (infertility an 
average of 3.5 years, bilateral proximal tubal obstruction 
by at least two HSGs and one laparoscopy, and no distal 
tubal disease by laparoscopy), fluoroscopic fallopian 
tube recanalization successfully opened the tubes in 
95%.5 They received no further treatment, and the preg- 
nancy rate was 47% (all intrauterine) with an average 
time to pregnancy of 4 months (average follow-up 9 
months). A similar group of patients with isolated proxi- 
mal tubal obstruction underwent tubal microsurgery 
and then were followed for 18 months. The pregnancy 
rate was 41%.6 These results indicate that fallopian tube 
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FIGURE 29.4. A 24-year-old woman had 6 years of 
infertility following a left salpingectomy for ectopic 
pregnancy. (A) Initial hysterosalpingogram. 
(B) Injection into the right tubal ostium visualizes 
the tube, but the ampullary portion is abnormally 
retracted into the cul-de-sac. (C) A 15-minute de- 
layed film after removing the equipment and 
rolling the patient demonstrates a right hydro- 
salpinx with no free peritoneal spill. 


catheterization is an effective treatment for infertility 
caused by proximal tubal obstruction. 


Fallopian Tube Catheterization 
in Rabbits 


Transvaginal fluoroscopic fallopian tube catheterization 
using a similar technique and equipment is possible in 
rabbits.!5 It is a good method for gaining experience 
with catheterization and for studying the effects of con- 
trast media, catheters, and other manipulations on the 


fallopian tubes (Fig. 29.5). 


Long-Term Patency Rate 


Our initial results in a selected patient population indi- 
cated that approximately 50% of the patients were able 
to conceive shortly after successful fallopian tube re- 
canalization. Unfortunately, if they did not conceive by 6 
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months there was a 25-50% chance that both tubes 
would reocclude.16 It may be due to recurrent pathology, 
and other infertility factors (e.g., ovulation dysfunction, 
male factors) should be aggressively treated after success- 
ful fallopian tube recanalization in order to give the pa- 
tient the maximum benefit of the procedure. Since the 
original description of the procedure, multiple investiga- 
tors inside and outside the United States have used simi- 
lar techniques in more than 400 patients.17-29 They have 
confirmed that nonsurgical recanalization of proximally 
obstructed fallopian tubes and visualization of the distal 
tube can be accomplished in 70-80% of the patients. In- 
trauterine pregnancy rates after the procedure have var- 
ied from lows of 6%18 and 9%25 to higher rates of 26%26 
and 29%.20 The most likely explanation for differing 
pregnancy rates among these populations is patient se- 
lection and follow-up.30 Even when the procedure is un- 
successful it usually provides helpful diagnostic informa- 
tion regarding the condition of the tubes, which may 
influence further treatment. Since 1993 the American 
Fertility Society has recommended that transcervical fal- 
lopian tube catheterization be tried in patients with 


506 


FIGURE 29.5. Fluoroscopic fallopian tube catheterization in the 
rabbit. Similar equipment and technique allows catheterization 
of the right uterine horn (large arrow) and right fallopian tube 
(small arrow). 


proximal tubal obstruction prior to tubal microsurgery 
or in vitro fertilization.3! It is possible that improved 
techniques will improve the long-term patency rate, and 
further efforts should be directed in this area. 


Conclusions 


Fallopian tube catheterization is an extension of conven- 
tional hysterosalpingography, which uses an angio- 
graphic technique and equipment. The indication for 
fallopian tube catheterization is an inability to visualize 
the fallopian tubes by conventional hysterosalpingogra- 
phy or to see proximal tube obstruction by hysterosalpin- 
gography or laparoscopy. Contraindications are large 
uterine masses, a severely deformed uterus, or active 
pelvic infection. Obstructions located more distally in 
the tubes in the isthmic portion can be successfully re- 
canalized but are more difficult; there is also a greater 
chance of perforating the tube here, particularly if it is 
the site of a surgical anastomosis. Complications include 
tubal perforation and possibly increased ectopic preg- 
nancies. 

Fallopian tube catheterization is successful in a large 
percentage of patients and improves the diagnosis of fal- 
lopian tube disease. It is an accepted treatment for infer- 
tility caused by proximal tubal obstruction, and world- 
wide results indicate an increased pregnancy rate in 


Amy S. Thurmond 


patients who in the past would have had tubal micro- 
surgery or in vitro fertilization. Future applications of 
fallopian tube catheterization can be tested in the rabbit 
model. 
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Penile Angiography 


Robert A. Ellwood and Matthias J. Kirsch 


The significant advancement of catheter technology 
over the years has allowed their introduction into the 
lower urinary tract. Each technologic advance has found 
some application in the lower urinary tract for diagnosis 
or therapy. In this chapter we address two areas of partic- 
ular interest to the vascular/interventional radiologist: 
the angiographic diagnosis and therapy relevant to vas- 
culogenic impotence and other therapeutic roles in- 
volved in the lower genitourinary tract. 


Impotence 


Impotence is defined as the inability of the male individ- 
ual to attain erections of sufficient rigidity for vaginal 
penetration and sexual satisfaction. Traditionally, impo- 
tence was thought to relate to psychogenic factors, but 
more recent evidence suggests that there is a consider- 
able number of patients in whom erectile dysfunction 
may result from organic processes. It is estimated that 
approximately 10 million males suffer from the latter, 
which is often age-dependent, with the incidence below 
40 years of age being 2% and at 65 years of age 25%.1.2 

When dealing with erectile dysfunction from a radio- 
graphic standpoint, it is imperative that the radiologist 
have a basic concept of the anatomy, physiology, and 
pathophysiology that might exist in order to make a rele- 
vant diagnosis from the imaging modalities. 


Arterial and Venous Anatomy 


The anterior division of the internal iliac (hypogastric) 
artery provides the major arterial supply to the penis via 
the internal pudendal artery (Fig. 30.1). After giving off 
muscular, inferior rectal, and scrotal branches, the inter- 
nal pudendal artery becomes the common penile artery, 
which divides into four terminal branches: (1) the dorsal 
artery of the penis (supplying the skin and glans); 
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(2) the spongiosal artery (supplying the corpus spongio- 
sum and urethral tissue); (3) the bulbar artery (supply- 
ing the proximal urethral bulb and bulbourethral 
gland); and (4) the cavernosal (deep penile) artery. The 
cavernosal artery supplies the erectile tissue of the cor- 
pora cavernosa by multiple tortuous terminal branches 
called helicine arteries, which empty into the cavernous 
sinusoidal spaces. The cavernosal bodies are separated 
by a fenestrated septum that provides free communica- 
tion between each side.45 

Variations from the classic arterial supply to the penis 
have been described. The internal pudendal artery may 
also arise independently from the internal iliac artery or 
as a branch of the inferior gluteal artery.6 An accessory 
internal pudendal artery, usually originating from the 
anterior division of the internal iliac artery, has been de- 
scribed in 7-21% of cases.6.7 It may arise from the obtu- 
rator artery or the inferior or superior vesical arteries.8 

The great variability of intrapenile arterial anatomy 
has been described.9 Knowledge of these variations is im- 
portant to avoid misdiagnosing arterial occlusive pathol- 
ogy. Anatomic variants include the origin of both caver- 
nosal arteries unilaterally, hypoplasia or absence of one 
dorsal penile artery, and aberrant origin of bulbar or 
cavernosal arteries. Due to frequent variants, angio- 
graphic nonvisualization of a cavernosal artery does not 
necessarily indicate occlusion; rather, the cavernosal 
artery may arise from the contralateral side or a supple- 
mental pudendal artery.10 

Multiple potential collateral pathways exist within the 
penis that may become functional when arterial occlu- 
sions are present. Collateral pathways include (1) caver- 
nosal artery to cavernosal artery via transverse communi- 
cating branches at the penile root; (2) dorsal penile 
artery to dorsal penile artery via coronal or cutaneous 
branches; (3) dorsal penile artery to cavernosal artery 
via perforating branches; (4) cavernosal artery to dorsal 
penile artery via perforating branches; (5) cavernosal 
artery to ipsilateral cavernosal artery via bridging 
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FIGURE 30.1. Normal penile arterial supply. 
(From Rosen et al.,3 with permission.) 
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branches; and (6) external pudendal artery to dorsal pe- 
nile artery.9.10 The presence or absence of collaterals as- 
sists in determining the hemodynamic significance of ar- 
terial stenoses. 

The venous anatomy of the penis is complex, with mi- 
nor variations common (Fig. 30.2). There are three ma- 
jor routes of drainage from the penis: the superficial, in- 
termediate, and deep venous systems. The superficial 
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FIGURE 30.2. Penile venous anatomy. 
(From Bookstein and Lurie,!! with permis- 
sion.) 
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dorsal vein, the major vein of the superficial system, lies 
above Buck’s fascia and drains the prepuce and skin into 
the external pudendal veins bilaterally. Superficial ven- 
tral penile veins course circumferentially around the pe-. 
nis to drain predominantly into the superficial dorsal 
vein. 11,12 

Emissary veins drain the corpora cavernosa and pierce 
the tunica albuginea at oblique angles, forming the cir- 
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cumflex veins. The circumflex veins pass below Buck’s 
fascia to drain with the dorsal emissary veins into the 
deep dorsal vein of the penis, the major vessel of the in- 
termediate system. The deep dorsal vein of the penis 
courses in the sulcus between the corpora cavernosa 
deep to Buck’s fascia and superficial to the tunica albu- 
ginea. It is usually a single, midline vessel but may bifur- 
cate proximally.!3 The deep dorsal vein drains the glans 
and itself drains into the preprostatic or pudendal 
plexus, which has direct drainage to the internal iliac 
vein and communicates with the internal pudendal vein. 

The deep system consists of the crural (deep penile) 
veins, which drain the crura of the corpora cavernosa.!2 
The crura drain into the internal pudendal veins, which 
drain into the internal iliac veins. An obturator vein may 
also connect the preprostatic plexus to the internal iliac 
vein. 


Physiology of Erection 


Penile erection is a complex neurovascular interplay 
modulated through the lumbar and sacral spinal cord 
centers, through the parasympathetic nerve terminals, 
with the ultimate release of acetylcholine.!4 This se- 
quence ultimately results in stimulation or release of a 
plethora of hormones, neurotransmitters, and neuro- 
modulators that lead to a complex interaction of several 
endogenous vasorelaxants.15 

Following this initial stimulation, the penile erection 


process begins and can be divided into six phases!6 (Fig. 
30.3). 


1. Flaccid phase: There is tonic constriction of the he- 
licine branches of the cavernosal artery and reduced cal- 
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iber of the main cavernosal artery within the corpora 
cavernosa. Additionally, there is contraction of the 
smooth muscle groups within the sinusoidal support 
structures that allows inflow of only enough arterial 
blood for nutritional purposes (Fig. 30.4A). 

2. Latent phase: Two factors are initiated during this 
phase of the erectile process. First, there is an increase in 
the arterial flow through the pudendal arteries and their 
tributaries, the cavernosal arteries, which can be recog- 
nized by Doppler flow studies and the augmentation in 
size of the vessels themselves. Second, there is sinusoidal 
relaxation, which facilitates the accommodation of in- 
creased flow into the corpora cavernosa and that may be 
reflected by an initial transient drop in intracorporeal 
pressure. Both of these factors are due to smooth muscle 
relaxation. 

3. Tumescent phase: During this phase of the erection 
there is a rapid rise of intracavernosal pressure and re- 
duction in the arterial flow rate, although this rate re- 
mains greater than in the flaccid state. During this phase 
the penis undergoes expansion and elongation with 
stretching of both the circular and longitudinal layers of 
the tunica albuginea. 14,16 

4. Full erection phase: At this point the intracavernosal 
pressure approximates that of the systolic pressure. Dis- 
tention of the sinusoids within the corpora cavernosa re- 
sult in compression of the intrasinusoidal venules and 
compression of the emissary veins as they transgress the 
sliding coats of the tunica albuginea, which ultimately re- 
sults in trapping of an additional volume of blood under- 
neath the noncompliant fibroelastic cylinder of the tu- 
nica albuginea (Fig. 30.4B). The emissary veins are 
further reduced in caliber by the trapping of the ex- 
panding tunica albuginea underneath the deep fascia of 


FIGURE 30.3. Six phases of erection: 1 = flaccid; 
2 = latent; 3 = tumescent; 4 = full erection; 5 = 
rigid erection; 6 = detumescent. (From Absoeif 
and Lue,!6 with permission.) 
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FIGURE 30.4. Cross-sectional diagrams of the penis in the flac- 
cid state (A) and in full erection (B). a = superficial dorsal 
vein; b = deep penile fascia (Buck); c = deep dorsal vein; d = 
dorsal artery; e = emissary vein; f = sinus corpora cavernosa; g = 


Buck. Despite the rise in intracorporal pressure and the 
compression of the venous structures, both arterial in- 
flow and venous egress from the penis remain greater 
than in the flaccid state.16,17 

5. Rigid erection phase: During this final phase of erection, 
which usually precedes ejaculation, there is a reflex and 
a voluntary contraction of the bulbocavernosa and is- 
chial cavernosal muscles against the proximal corpora 
cavernosa that results in further rigidity of the caver- 
nosal structures, including resultant engorgement of the 
glans of the penis. Sustained intracorporal pressure is 
greatest during this phase; it exceeds arterial systolic 
pressure and has been recorded up to 350 mmHg. Be- 
cause of this maximization of intracavernosal pressure, 
there is virtually no flow of blood in the cavernosal 
artery.18 

6. Detumescent phase: Shortly after ejaculation or the ces- 
sation of erotic stimuli, there is reflex return of sympa- 
thetic tone, and reversal of the erectile process takes 
place to return to the flaccid state.16 


This intricate, normal neurovascular process, which cul- 
minates in penile erection, serves as the template for 
evaluation of the impotent male as to etiology and 
workup. 


Etiology of Impotence 


It is not the intent of this chapter to describe extensively 
the multiple causes of impotence. Nevertheless, a cur- 
sory review seems germaine. 


cavernosal artery; h = helicine branches of cavernosal artery; 1 
= tunica albuginea. (Adapted from Lerner et al.,15 with permis- 
sion.) 


A functional classification as proposed by Lue!9 serves 
as an excellent guide in this area. Diagrammatically it is 
well encapsulated by Figure 30.5, taken from an exten- 
sive overview of this subject by Carrier et al.14 In the pro- 
posal there are six areas of consideration for the cause of 
erectile dysfunction: psychogenic, neurogenic, en- 
docrinologic, pharmacologic, and vasculogenic (arterial 
and cavernosal). 

Psychogenic causes occur in 10-30% of impotent men. 
In the young they are usually related to anxiety and in 
the mature man to fear induced by chronic or acute dis- 
ease processes. Psychosocial stress also affects sexual dys- 
function. 

Neurogenic causes may arise anywhere from the brain to 
the peripheral nerves. In animal studies it appears that 
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FIGURE 30.5. Functional classification of impotence. (From 
Carrier et al.,14 with permission. ) 
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the medial preoptic area is an important integration cen- 
ter for all sexual drives. Pathologic processes, such as 
parkinsonism and cerebral ischemic events, may affect 
this zone. Spinal cord disorders are the most common 
cause of neurogenic impotence. A reflexogenic erection 
is usually preserved in patients with upper cord lesions, 
whereas only one-fourth of patients achieve erection 
with lesions below the level of T11. Traumatic or iatro- 
genic peripheral nerve lesions are a frequent cause of 
erectile dysfunction and usually follow pelvic trauma or 
surgery to pelvic organs. Neuropathies that develop sec- 
ondary to vitamin deficiency, chronic alcoholism, or dia- 
betes mellitus must also be considered forms of neuro- 
genic erectile dysfunction. 

Endocrinologic disorders, although usually a rare cause 
of erectile dysfunction, must be screened for in the im- 
potent patient. 

Pharmacologic erectile impairment occurs in as many as 
25% of patients. Antihypertensive agents most com- 
monly induce erectile dysfunction, particularly the thi- 
azide diuretics. B-Blockers through their testosterone in- 
hibitory effect, antiandrogenic drugs, hypnotics, and 
tranquilizers may also impede sexual function. 

Arterial and cavernosal (vasogenic) causes are reported 
as being the most common organic cause for erectile 
dysfunction. Because these entities are those most often 
seen by the vascular interventional radiologist, their dis- 
cussion deserves special attention. Before reaching the 
angiographic stage, multiple algorithms have been pro- 
posed to triage the vasculogenic patient. In the next sec- 
tion we deal with the clinical workups leading to the an- 
giographic procedures. 


Clinical Evaluation 
of the Impotent Man 


In an editorial comment concerning erectile dysfunc- 
tion, Lue begged the question: “What is an adequate 
evaluation in today’s cost-conscious environment?”!9 
This question is truly interesting, and in a review of mul- 
tiple authors there appear to be variations in workup but 
many similarities as well5.20-26 (Table 30.1). 

All authors stress the importance of a detailed sexual 
history as well as a review of systems, which might reveal 
risk factors in the etiology of impotence as described in 
the previous section. A physical examination pertinent to 
the erectile dysfunction disorder is next in importance, as 
are findings such as overall body habitus and signs of 
chronic illness; the patient is evaluated for peripheral vas- 
cular pulses, competence of the bulbocavernosal reflex, 
and penile abnormalities including Peyronie’s plaques. 
After the history and physical examination it has been 
suggested by numerous authors that a chemical evalua- 
tion be performed, which might include a generalized 
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TABLE 30.1. Evaluation of the impotent man 


Routine investigations 
History 
Physical examination 
Laboratory tests 
Noninvasive diagnostic studies 
Nocturnal tumescence 
Neurologic testing 
Vascular studies 
Minimally invasive evaluation 
Intracorporeal pharmacologic challenge 
Specific invasive studies 
Angiography 
Cavernosography (cavernosometry) 


chemistry profile and should, in most opinions, include 
plasma testosterone and prolactin levels. 

At this point the evaluation usually breaks down into 
three areas of focus: (1) psychogenic; (2) neurogenic; or 
(3) vasculogenic. Nocturnal penile tumescence testing is 
used by some5.20,25,26 in an attempt to distinguish organic 
from psychogenic causes. The neurogenic investigation 
is screened by biothesiometry or somatosensory evoked 
potentials. The final investigation is usually done utiliz- 
ing some from of penile perfusion studies. The most 
commonly utilized test is the penile brachial index, al- 
though some prefer penile plethysmography or pulse 
volume recordings. At this point, the algorithms have 
generally classified the impotent patient into one of the 
six Classifications discussed earlier and moved the inves- 
tigation toward the vasculogenic, pharmacologic chal- 
lenge. A full response of erectile tissue to the challenge 
ordinarily obviates a vasculogenic cause. A less than full 
response directs the investigation further and, if coupled 
with duplex sonography, can further direct the investiga- 
tion to an arterial study or an evaluation for venous 
causes. 


Invasive Evaluation of 


Vasculogenic Impotence 


Invasive vascular procedures (angiography, pharmaco- 
cavernosometry, cavernosography) constitute the “gold 
standard” for diagnosis of vasculogenic impotence. 
These procedures are invasive, are expensive, and re- 
quire technical skill and experience. They should be lim- 
ited to patients who are “realistic candidates” for vascular 
reconstructive procedures or percutaneous therapy as 
determined by clinical history, physical examination, 
noninvasive testing, and expected therapeutic outcome.5 
Patients who undergo penile arteriography should also 
undergo evaluation of the penile venous system to rule 
out concomitant venous insufficiency.5 Coexistent arter- 
ial and venous disease has been estimated to occur in 


50-70% .27,28 


30. Penile Angiography 


Arteriogenic Impotence 
Angiographic Evaluation 


Sedation 


Pudendal arteriography was formerly performed under 


general or epidural anesthesia.?.29,30 Today, with low os- 
molality contrast agents and selective internal pudendal 
pharmacoangiographic techniques, procedures are per- 
formed with local anesthesia at the catheter site and 
mild sedation (commonly morphine and diazepam) to 
block excessive adrenergic vasoconstrictor tone.3,6.31,32 


Pharmacoangiography 


Nonvasodilated penile arteriography is unreliable.10 Pe- 
nile angiography requires full relaxation of the smooth 
muscle of the corpus cavernosum by the use of drugs. In- 
tracorporal papaverine (30-60 mg) is administered rou- 
tinely to induce an erection3! at the start of the proce- 
dure3 or just before contrast injection.33 Intraarterial 
vasodilators are routinely used just before contrast injec- 
tion to ensure maximal filling of the cavernosal arteries. 
Bookstein and Lang? initially utilized 150-200 ug of ni- 
troglycerine mixed with 30 mg of papaverine; they now 
prefer 60 mg of intracavernosal papaverine mixed with 1 
mg of phentolamine.34 Others have utilized 25 mg of to- 
lazoline intraarterially.6 


Arteriographic Technique 


Prior to the procedure, informed consent is obtained ex- 
plaining the diagnostic procedure and potential side ef- 
fects and complications. A complete angiographic inves- 
tigation of arteriogenic impotence requires evaluation 
from the infrarenal aorta to the tip of the penis. The dis- 
tal aorta and major pelvic vessels are evaluated with con- 
ventional pelvic arteriography or digital subtraction an- 
giography. It is performed with a 5F pigtail catheter 
percutaneously placed from a common femoral artery 
and positioned above the aortic bifurcation. Images 
should include the aortic bifurcation to the root of the 
penis. In addition to evaluating for aortoiliac occlusive 
disease and possible anatomic variations, information 
for surgical planning is obtained, such as the origin and 
course of the inferior epigastric arteries. 

Earlier studies of penile arteries were performed via 
nonselective injections. Nonselective angiography after 
intracorporal papaverine injection has been suggested as 
an alternative technique to evaluate penile arterial in- 
tegrity.33 Although the technique is faster, simpler, and 
theoretically safer than selective angiography, the study 
may be more difficult to interpret and requires precise 
technique, with little latitude for technical error. 

Selective internal pudendal arteriography is favored by 
most authors to provide a detailed evaluation of the pe- 
nile arteries.3.29.31,35 Bookstein and Valji!935 suggested 
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that selective arteriography may be limited to the initial 
side if at least one normal ipsilateral cavernosal, bulbar, 
and dorsal penile artery is visualized and if there is no ev- 
idence of collateral flow to suggest contralateral disease. 
Others have advocated bilateral selective arteriography 
owing to possible asymmetric disease in impotent pa- 
tients and to help plan revascularization.6.29,33 

Contralateral internal iliac catheterization is per- 
formed utilizing a guidewire and pigtail catheter to cross 
the aortic bifurcation into the external iliac artery. The 
pigtail catheter is exchanged for a cobra catheter, and 
the internal pudendal artery is selectively catheterized. 
The internal pudendal artery is identified by its charac- 
teristic course across the middle of the obturator fora- 
men with the patient in contralateral oblique projection. 
With experience, the internal pudendal artery can be 
catheterized in 95% of cases.9 

Filming is in the contralateral, 30-degree posterior 
oblique projection with the penis placed toward the con- 
tralateral thigh. Low osmolar contrast agents, in doses of 
36 ml in 6 seconds, are routinely used. Filming with con- 
ventional cut film angiography is at the rate of two films 
per second for 3 seconds, one film per second for 6 sec- 
onds, and one additional film after another 3 seconds 
with direct 2-3X magnification. Centering is over the 
lower aspect of the pubic symphysis.9 The use of intraar- 
terial digital subtraction angiography has been reported 
to show good results when combined with intracaver- 
nosal injection of vasoactive substances.29,36 The loss of 
spatial resolution compared to conventional angiogra- 
phy is partially compensated by improved contrast reso- 
lution of the penile arteries. 

The ipsilateral internal pudendal artery may be selec- 
tively catheterized utilizing an ultra-long reverse curved 
catheter3? or the Waltman loop technique with a cobra 
catheter.38 If the internal pudendal artery cannot be se- 
lectively catheterized or if anomalous anatomy as an ac- 
cessory internal pudendal artery is suspected, an inter- 
nal iliac artery injection may be performed. A less 
selective injection may also opacify collateral vessels in 
patients with occlusions and demonstrate distal penile 
vessels reconstituting. Selective injection into the ante- 
rior division of the internal iliac artery may improve visu- 
alization of intrapenile vessels. 


Potential Pitfalls 


With proper attention to technique, selective internal 
pudendal angiography represents the gold standard for 
diagnosing sites of occlusive lesions in the penile arterial 
bed. Ensuring correct projection and patient position 
prevents vascular superimposition, which aids in identifi- 
cation and interpretation of penile arteries. Use of the 
appropriate injection rate maximizes opacification of 
the penile arteries and avoids reflux, which results in di- 
lutional effects and reduced visualization. 
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Performance of penile arteriography without intracav- 
ernosal injection of vasodilators leads to insufficient di- 
lation of penile vessels and potential false occlusions.29 
The arteries also appear tortuous in the flaccid state, 
making detection of atherosclerotic stenosis more diffi- 
cult. Care must be taken to avoid increasing the intracor- 
poral pressure to a point that arterial flow is terminated. 
Complete erection with full rigidity may result in poor vi- 
sualization of cavernosal arteries.29 


Etiology and Distribution of Disease 


The criteria used to select patients greatly affect the dis- 
tribution of arterial lesions identified in the internal iliac- 
cavernosa] arterial bed. The. patient’s age, history of 
pelvic trauma, and atherosclerotic risk factors (diabetes 
mellitus, hypertension, hypercholesterolemia, cigarette 
smoking) must be considered.6.34,39,40 Valji and Book- 
stein reported atherosclerosis to be the major cause of 
arteriogenic impotence followed by trauma.35 Other de- 
scribed causes include pelvic arteriovenous fistulas#! and 
congenital arterial anomalies.?9,42 

The angiographic criteria for the diagnosis of arterio- 
genic impotence is the demonstration of hemodynami- 
cally significant bilateral arterial stenoses proximal to 
the helicine branches. Unilateral disease may be respon- 
sible if both cavernosal arteries arise from that side.10,35 
The hemodynamic significance of a stenosis can be 
judged by the presence of collateral circulation as well as 
a reduction of luminal diameter by more than 50%, al- 
though the latter has not yet been tested in the penile 
vasculature. 


Associated Findings 
Aortoiliac Occlusive Disease 


Leriche described a syndrome in 1923 related to throm- 
botic obliteration of the aortic bifurcation.43 Generally, 
the patients are young adults who present with an inabil- 
ity to keep a stable erection, fatigue and global atrophy 
of both lower extremities, no trophic changes, sluggish 
wound healing, and pallor of the legs and feet. Pulses 
are absent in the groins and legs.44 Impotence due to 
aortoiliac occlusive disease precedes symptoms of arte- 
rial insufficiency of the legs in 30% of cases.45 The re- 
ported incidence of erectile dysfunction in patients in 
whom aortoiliac reconstructive surgery was indicated is 
71-81%.46.47 Bahren et al.29.30 reported that more than 
60% of patients with moderate aortoiliac lesions also had 
occlusions and hemodynamically significant stenoses 
distally in the internal pudendal and penile arteries. 
Pelvic steal syndrome, or external iliac steal syndrome, 
presents as the inability to maintain the erection after 
initiation of strenuous coital movements.48,49 It is 
thought to be due to a redistribution of limited blood 
flow in favor of activated muscles. The diagnosis can be 
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suggested if two of three criteria are present: (1) appro- 
priate clinical symptoms; (2) 25% drop in penile- 
brachial pressure index after exercise; and (3) angio- 
graphic evidence of large collaterals between the pelvic 
area and lower extremities.50 


Atherosclerosis of Internal Pudendal and Penile Arteries 


A strong predilection exists for atherosclerotic involve- 
ment of the distal internal pudendal artery or proximal 
portions of the penile branches.10,35 Stenoses and occlu- 
sions are most frequently situated bilaterally at the termi- 
nal portion of the internal pudendal artery. Schwartz et 
al.33 showed that the most common sites of arterial dis- 
ease were at the base of the penis in 58% and the inter- 
nal pudendal artery in 31% of patients studied (mean 
age 55 years). Gray et al.7 demonstrated arterial lesions 
in the internal pudendal arteries in 34% and in the small 
penile arteries in 44% of patients studied (mean age 
50.5 years). Figure 30.6 shows an atherosclerotic stenosis 
involving the origin of the internal pudendal artery. 


Posttraumatic Impotence 


Owing to their proximate location, the penile nerves 
and arteries are frequently injured in association with 


FIGURE 30.6. Atherosclerosis as a cause of impotence. Left in- 
ternal iliac arteriogram demonstrates atherosclerotic stenosis 
at the origin of the internal pudendal artery (arrow). (Cour- 
tesy of Terry Brady, MD.) 
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injury to the urethra or urogenital diaphragm. Injuries 
are caused by blunt or perforating trauma to the ab- 
domen, pelvis, perineum, and external genitalia. Ap- 
proximately 5-10% of pelvic fractures are accompanied 
by injuries to the lower urinary tract. Characteristic frac- 
tures that result in injury are single or multiple fractures 
of the ischial pubic ramus and the symphysis.29 In pa- 
tients with posttraumatic arterial obstruction, the ob- 
structions or stenoses characteristically involve the ves- 
sels at the root of the penis: the penile artery, the 
proximal dorsal penile and cavernosal arteries (Fig. 
30.7), and the distal internal pudendal artery (Fig. 
30.8) .51 Arterial injury is most often found at the distal 
internal pudendal artery at the level of the urogenital 
diaphragm.29.52 Rosen et al.6 reported a series of pa- 
tients (mean age 35.4 years), approximately half of 
whom had a history of major or minor trauma; most 
were not at risk for generalized atherosclerosis and had 
significant disease concentrated in the cavernosal arter- 
ies (62% of patients). The internal pudendal and com- 
mon penile arteries had hemodynamically significant 
stenoses in 9% and 29% of patients, respectively. No pa- 
tients had disease of the internal iliac arteries. The pa- 
tients in the major trauma subgroup had no significant 
difference in the distribution of disease in the internal 
pudendal arteries when compared to the minor trauma 
and no trauma subgroups. These findings led Rosen et 
al. to suggest that there may be additional risk factors 
(e.g., cigarette smoking) that play a role in the develop- 


FIGURE 30.7. Selective left internal pudendal angiogram from a 
19-year-old bicycle enthusiast with impotence demonstrates 
proximal occlusion of the cavernosal artery (arrow). (Courtesy 
of Rick Dreyer, MD.) 
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FIGURE 30.8. Arteriogenic impotence following pelvic fracture. 
There is occlusion of the internal pudendal artery in the per- 
ineum (arrow). (Courtesy of David M. Williams, MD.) 


ment of posttraumatic arteriogenic impotence. The po- 
tential for venous injury in patients with posttraumatic 
impotence must be emphasized. In a series of 10 pa- 
tients evaluated for posttraumatic impotence, 6 demon- 
strated significant venous leakage, either alone or in 
combination with arteriogenic causes.5! 


Venogenic Impotence 
Angiographic Evaluation 
Pharmacocavernosometry and Cavernosography 


Cavernosometry refers to a method of determining the 
cavernosal pressure response to standardized rates and 
volumes of fluid infusion to define the presence and de- 
gree of venous leak. Cavernosography refers to radio- 
graphic demonstration of the corpora cavernosa after 
intracavernosal injection of a contrast agent. With impo- 
tence, nonpharmacologic cavernosography does not reli- 
ably determine the presence or magnitude of an 
abnormal corporal leak.10 Except for the general demon- 
stration of penile venous anatomy, these nonpharmaco- 
logic cavernosograms provide little diagnostic informa- 
tion. After a intracavernosal papaverine—phentolamine 
injection, pharmacocavernosography allows identifica- 
tion of regions of incompetent venous outflow.53 Multiple 
methods and protocols have been described in the evalu- 
ation of venous impotence.54 Two methods are outlined 
in this chapter. 
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Dynamic Infusion Cavernosometry and Cavernosography 
Goldstein et al.13 described dynamic infusion caver- 
nosometry and cavernosography (DICC), a four-phase 
evaluation with the ability to evaluate arterial and corpo- 
ral venoocclusive function following smooth muscle re- 
laxation induced by a vasoactive agent. The patient is 
placed supine on the fluoroscopy table. A precalibrated 
loop strain gauge is placed at the base of the penis to 
record penile circumference changes during erection. 
The penis is prepared and draped in a sterile manner. 
Lidocaine (1%) is utilized for local anesthesia at the 2 
o’clock position along the penile shaft approximately 
1 cm proximal to the coronal sulcus. A 21 gauge butter- 
fly needle is inserted into the right corpus cavernosum 
directed toward the base of the penis to monitor pres- 
sure. Heparinized saline is used to flush the needle to 
ensure a proper position. 

The first phase records the response of volume (cir- 
cumference) and intracavernosal pressure to intracaver- 
nosal vasoactive agents. A combination of 45 mg of pa- 
paverine hydrochloride and 2.5 mg of phentolamine 
mesylate are administered intracavernosally. A normal 
physiologic response occurs when the intracavernosal 
pressure approaches the mean systemic arterial blood 
pressure.55 Patients with arteriogenic impotence demon- 
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strate a slow, delayed (generally > 10 minutes) increase 
in intracavernous pressure to a level that never reaches 
the mean systemic arterial pressure. Patients with abnor- 
mal venoocclusion and normal cavernosal arterial pres- 
sures typically show an initial rapid increase in intracav- 
ernous pressure that reaches an equilibrium early in the 
study that is well below the mean systemic arterial pres- 
sure. More commonly, organically impotent patients 
have a combination of these processes. 

Phase 2 assesses corporal venoocclusive function (Fig. 
30.9A). A second 21 gauge butterfly needle is inserted 
into the other corpora cavernosa at the 10 o’clock posi- 
tion to allow simultaneous infusion and pressure moni- 
toring. After the phase 1 equilibrium pressure has been 
measured, pressure in the corpora cavernosa is increased 
in 30 mmHg intervals by infusing heparinized saline (2 U 
heparin/ml). The flow to maintain intracavernosal pres- 
sures at each preset pressure is determined. Once a pres- 
sure of 150 mmHg is reached, the flow is stopped and the 
drop in pressure in the corpora cavernosa is determined 
during a 30 second period. A repeat study with manual 
pressure applied to the perineum is advocated.13 

Normally, the flow of heparinized saline necessary to 
maintain various pressure levels is 3 ml/min or less. The 
drop in pressure in the corpora cavernosa over 30 sec- 
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FIGURE 30.9. (A) Abnormal DICC phase 2 response, demon- 
strating dynamic evidence of a focal proximal pattern of corpo- 
ral venoocclusive dysfunction. Note that the fall in corporal 
pressure is nearly normal after perineal compression of the 
crural bodies. (B) Phase 3 determination of the cavernosal 
artery systolic occlusion (opening) pressure, defined as the 
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corporal pressure at which cavernosal artery pulsatile flow is 
reestablished after a suprasystolic infusion. This pressure is 
compared with the simultaneous systemic systolic pressure to 
determine a gradient. (From Padma-Nathan,56 with permis- 
sion.) 
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onds from a pressure of 150 mmHg is less than 45 mmHg. 
Elevated values indicate the presence of corporal 
venoocclusive dysfunction. Normalization of values with 
perineal compression suggests that only focal, proximal 
cavernosal/crural venous drainage will be demonstrated 
later on cavernosography.34 

The right and left cavernosal artery systolic occlusion 
pressures are determined during phase 3 (Fig. 30.9B). A 
Doppler ultrasound transducer probe is placed over the 
right and left lateral aspects of the corporal body at the 
base of the shaft to record respective cavernosal arterial 
pulsations. As the cavernosal pressure is elevated slightly 
above the brachial artery systolic occlusion pressure by 
the infusion of heparinized saline, the cavernosal artery 
pulsatile flow disappears. The infusion is terminated; 
and as the corporal pressure falls, cavernosal artery pul- 
satile flow is reestablished. The cavernosal artery systolic 
occlusion pressure is the corporal body pressure at 
which the cavernosa] artery pulse returns. A simultane- 
ous brachial artery systolic occlusion pressure is re- 
corded and a gradient determined. 

The gradient between the brachial and cavernosal 
artery systolic occlusion pressures is usually less than 20 
mmHg.56 Patients with arteriogenic impotence have 
large gradients and cavernosal artery systolic occlusion 
pressures usually less than 35 mmHg (assuming the 
brachial artery systolic occlusion pressure is about 120 
mmHg). Cavernosal artery systolic occlusion pressures 
lower than 80 mmHg usually preclude exclusive venous 
reconstructive surgery. !3 

During phase 4, pharmacocavernosography is per- 
formed to gain anatomic visualization of abnormal ve- 
nous drainage. This radiographic study confirms the 
findings of cavernosometry and may provide anatomic 
information useful for surgical management of corporal 
venous dysfunction. Approximately 100-150 ml of non- 
ionic contrast is infused while the pressure in the cor- 
pora cavernosa is maintained at 90 mmHg. The pres- 
ence or absence of draining veins during penile erection 
can be visualized fluoroscopically. Anteroposterior and 
right and left oblique views to include the penile shaft 
and proximal perineum are obtained. No venous 
drainage should be visualized in a normal phase 4 study. 

At the conclusion of the study, the corpora cavernosa 
are aspirated to achieve detumescence. If erection per- 
sists, intracavernosal administration of phenylephrine in 
divided doses of 200-500 pg is performed. If detumes- 
cence is not achieved after a total dose of 2-3 mg, the 
corpora cavernosa should be aspirated and irrigated 
with a 10 ug/ml solution of phenylephrine in normal 
saline until detumescence occurs.34 


Pharmacologic Maintenance Erection Flow Method 
Bookstein5” described an alternative method to evaluate 
venoocclusive dysfunction. During pharmacocavernos- 
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ometry, the pharmacologic maintenance erection flow 
(PMEF) is measured to quantitate venoocclusive insuffi- 
ciency in terms of milliliters per minute. The PMEF is 
the steady-state rate of infusion required to maintain in- 
tracorporal pressure at approximately 150 mmHg after 
full pharmacologic activation of the venoocclusive mech- 
anism.53 | 

A 21 gauge needle is placed in each corpora cavernosa 
under local anesthesia as previously described. Through 
one needle, 60 mg of papaverine mixed with 1 mg of 
phentolamine is injected. After 20 minutes, saline (or di- 
lute contrast if cavernosography is to be performed) is 
infused by a variable injector at rates that are adjusted to 
produce a steady cavernosal pressure of about 150 
mmHg as measured through the other needle. At sys- 
tolic or suprasystolic cavernosal pressures, cavernosal 
arterial flow is essentially zero. Therefore the rate of in- 
fusion required to maintain a stable pressure at approxi- 
mately systolic level equals the rate of venous leak at this 
pressure level. The normal PMEF is 2-12 ml/min. A 
PMEF over 45 ml/min is diagnostic of venogenic impo- 
tence.53 Values of 20-45 ml/min are of increasing clini- 
cal significance depending on the degree of arterial in- 
flow compromise. Patients with this magnitude of leak 
may be potent or cured with therapy for arteriogenic im- 
potence. 

While obtaining the PMEF small pulsations are often 
visible in the cavernosal pressure tracing.58 Bookstein et 
al.53 postulated that the pulsations reflect pulsatile inflow 
in the corpora cavernosa and may serve as an index of 
arterial patency. Pulsations less than 2 mmHg were con- 
sidered indicative of arterial insufficiency. Correlation of 
cavernosal pressure pulsations with selective magnifica- 
tion penile arteriograms in 53 patients showed a sensitiv- 
ity of 87% and specificity of 87%.53 

Pharmacocavernosography can be performed immedi- 
ately after cavernosometry or simultaneously using con- 
trast as infusant. The final infusion rate should approxi- 
mate the PMEF rate. Conventional films are usually 
exposed in 30-degree posterior oblique projections as 
pressure increases to 50, 100, 125, and 150 mmHg. The 
infusion is maintained to allow one or two additional 
films to allow full opacification of relevant draining veins. 

As previously described, a variety of cavernosmetric 
techniques and criteria have been reported for corporal 
venous dysfunction.13,53,59 A report of six patients with 
erectile dysfunction that spontaneously resolved after 
comprehensive workup suggests that parameters used to 
define venoocclusive dysfunction may be too strict and 
that men with normal erectile dysfunction may be classi- 
fied as abnormal.60 

The use of digital subtraction cavernosography has 
been reported to be reliable and easy to perform. Major 
leaks were easily identified in 16 of 21 patients. Digital 
subtraction cavernosography was able to detect minor 
leaks in two patients missed by cineradiography.®1 
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Pharmacocavernosography 


The major value of pharmacocavernosography is the 
demonstration of routes of venous leak, thereby allowing 
therapy planning (Fig. 30.10). Abnormal patterns of ve- 
nous drainage seen during pharmacocavernosography 
include visualization of the deep dorsal vein, the caver- 
nosal and crural veins, the glans, or the corpora spongio- 
sum. Further drainage in the preprostatic plexus or the 
internal pudendal veins may be seen.34 In a series of 58 
patients with venogenic impotence alone or in combina- 
tion with arteriogenic impotence, significant leakage was 
observed via the deep dorsal penile vein in 81% of pa- 
tients, the cavernosal perforators into the internal pu- 
dendal veins in 64% of patients, the spongiosa in 57% of 
patients, and the superficial veins in 53% of patients.53 
Leakage via the superficial penile veins to the external 
pudendal vein was recognized by secondary opacifica- 
tion of the femoral venous system. 

Shabsigh et al.62 reported a series of 46 impotent patients 
with venous leaks demonstrated by cavernosography with in- 
tracavernous injection of vasoactive drugs. The sites of leak- 
age included the superficial dorsal vein (2.2%), deep dorsal 
vein (100%), cavernous veins (69.6%), glans (41.3%), and 
corpus spongiosum (30.4%). Aberrant veins were docu- 
mented in 15.2% of patients. Only 17.4% of patients had 
leakage through the deep dorsal vein as the only venous site. 


A 


FIGURE 30.10. (A) Pharmacocavernosogram demonstrates 
venoocclusive dysfunction with opacification of preprostatic 
plexus (arrow). (B) Pharmacocavernosogram demonstrates 
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Most (82.6%) of the patients had leakage through more 
than one site. The most commonly combined sites of leak- 
age were the deep dorsal and cavernous veins. 


Other Roles of Cavernosography 


Cavernosography plays an important role in evaluating 
venogenic impotence, and it may be useful for establish- 
ing a diagnosis of organic erectile dysfunction caused by 
structural abnormalities of the corpora cavernosa. Caver- 
nosography has been found to be a valuable diagnostic 
technique in Peyronie’s disease, priapism, and trauma 
(Fig. 30.11).63 The technique allows visualization of 
structural abnormalities within the cavernous tissues, 
aiding in the diagnosis of complex, multifactorial or- 
ganic impotence. The knowledge of coexistent penile 
diseases associated with other organic factors may result 
in a modified therapeutic approach. 

A case of erectile dysfunction in a patient with Klippel- 
Trenaunay syndrome has been described.64 This rare 
mesodermal anomaly results in venous anomalies, cuta- 
neous capillaries, and hypertrophy of one or more limbs. 
Cavernosography demonstrates the opacification of ab- 
normal dorsal and ventral veins draining into the pre- 
prostatic plexus and internal iliac arteries. The corpora 
cavernosa may not opacify. Identification of the anom- 
alous draining veins guides surgical ligation. 


B 


venoocclusive dysfunction with opacification of the crural veins 
and internal pudendal veins (arrows). 


30. Penile Angiography 


FIGURE 30.11. Cavernosography from a patient with acute 
trauma to the corpus cavernosum. A 17-year-old boy dropped a 
heavy tray on his penis during a fall. The cavernosogram 
demonstrates narrowing at the site of contrast extravasation. 
(Courtesy of Marc P. Banner, MD) 


Complications of Pharmacocavernosal Studies 


The most common complication of intracavernous injec- 
tion of papaverine and phentolamine is prolonged erec- 
tion. If it persists more than 4 hours, the corpora caver- 
nosum is repunctured at midshaft level, 10 ml of blood 
is aspirated, and 10-15 wg of norepinephrine diluted in 
10 ml of saline is injected. If detumescence is not 
achieved in 20 minutes, aspiration and injection can be 
repeated several more times. 

Penile hematoma is uncommon. To minimize risk, it is 
advisable to allow the pressure to fall below 40 mmHg 
before withdrawing the needle.53 

Incorrect needle position or needle dislocation during 
the study may result in subcutaneous extravasation of 
contrast. Confirmation of initial needle position and 
close observation during infusion is necessary to avoid 
significant extravasation. 

Excessive cavernosal pressures may develop during in- 
fusion. Penile rupture is a theoretic risk, but the original 
fears are thought to be exaggerated.53 In addition to 
pressure monitoring, monitoring penile rigidity during 
infusion by manual palpation and pain described by the 
patient is advisable to avoid excessive pressure. 


Therapy for 
Vasculogenic Impotence 


Arteriogenic Impotence 


The most important prerequisite for successful therapy 
is the correct diagnosis of arteriogenic impotence and 
proper identification of the most distal sites of signifi- 
cant arterial obstruction. Venogenic impotence, often as- 
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sociated with arterial disease, must be excluded or con- 
comitant therapy contemplated. 


Percutaneous Transluminal Angioplasty 


Percutaneous transluminal angioplasty has been de- 
scribed for the treatment of arteriogenic impotence 
(Fig. 30.12) .35,65-68 Disease location and identification 
of the most distal site of significant disease are important 
considerations for patient selection. The applicability of 
angioplasty is broadened by the need for unilateral di- 
latation only.35 

Percutaneous transluminal angioplasty of the common 
iliac artery or internal iliac artery has been demon- 
strated to be effective for treating impotence in some 
cases.65 - 67 Large vessel atherosclerosis may be accompa- 
nied by disease of penile vessels; hence large-vessel per- 
cutaneous transluminal angioplasty is ideally followed by 
evaluation of the internal pudendal and penile vessels. 
Correction of a large vessel lesion with persistent distal 
disease may not benefit the patient. 

Standard transluminal angioplasty techniques can be 
used for common iliac and internal iliac artery stenoses. 
Care should be used to protect the origin of the internal 
iliac artery utilizing a second guidewire prophylactically 
placed to allow further intervention if necessary. The in- 
ternal iliac artery lesions can be approached from the 
contralateral groin or axillary artery. 

Percutaneous transluminal angioplasty has also been 
described for the distal vessels supplying the penis for 
treatment of impotence.35.68 Short stenoses or occlusions 
of the distal internal pudendal and common penile ar- 
teries can be technically dilated using 2- to 3-mm bal- 
loons. Fellmeth et al.68 recommended that (1) only se- 
vere cases of impotence be treated; (2) in-flow vessels be 
patent; (3) bilateral arterial disease be present with the 
distal cavernosal artery patent; and (4) major venous in- 
competence be excluded. Patients are pretreated with as- 
pirin (300 mg/day) and dipyridamole (75 mg/tid) for 2 
days prior to the procedure with continued antiplatelet 
therapy for 3 months. Using a guiding catheter the le- 
sion is crossed with a torquable 0.018 inch guidewire, 
and a 2- to 3-mm balloon catheter is passed across the le- 
sion. Heparin (5,000—10,000 U) is administered intra- 
venously as the lesion is crossed. Antispasmodal therapy, 
including sublingual nifedipine, intraarterial nitroglyc- 
erine, and papaverine, is utilized during the procedure. 
The results are then documented angiographically. 

Fellmeth et al.68 described a series of 10 procedures in 
seven patients. Stenoses of the internal pudendal and 
common penile arteries were dilated with an attempt of 
a cavernosal artery stenosis. Of these seven patients, two 
had potency for more than 3 months. Three procedures 
resulted in return of potency for 3 months before recur- 
rence of impotence. At last report, two of these patients 
had maintained potency for 14 and 18 months, respec- 
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FiGuRE 30.12. Percutaneous transluminal angioplasty for treat- 
ment of impotence. (A) Selective right internal iliac artery an- 
giogram demonstrates stenosis at the origin of the anterior divi- 


tively.69 These two patients represent an intermediate 
success rate of 30%. 

Initial enthusiasm suggested that, when anatomically 
feasible, percutaneous transluminal angioplasty be rec- 
ommended as an alternative to surgical revascularization 
if intracavernosal papaverine therapy proves unsatisfac- 
tory.35 At present, some of this enthusiasm has dimin- 
ished. Angioplasty of the small arteries supplying the pe- 
nis is probably best performed at centers that are actively 
involved in studying this problem.70 


Surgical Revasculanzation Procedures 


Vascular reconstruction of the internal iliac artery, in- 
cluding hypogastric endarterectomy or iliac-hypogastric 
bypass surgery, has had limited success.71.72 Michal et 
al.71 reported the first vascular bypass procedure for dis- 
tal penile revascularization in 1973 consisting of direct 
anastomosis of the inferior epigastric artery to the tunica 
albuginea of the corpus cavernosum (Michal I proce- 
dure). A variety of surgical techniques have been re- 
ported since, with none achieving universal accep- 
tance.55 Clinical success rates have been varied between 
20% and 80%.73 Other operative procedures include 
anastomosis of the inferior epigastric artery to the dorsal 
penile artery (Michael II procedure)74 or cavernosal 
artery’5 and anastomosis of the inferior epigastric artery 
to the deep dorsal vein.55 
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sion of the internal iliac artery (arrow). (B) After percutaneous 
transluminal angioplasty, there is improvement in luminal cal- 
iber. (Courtesy of Terry Brady, MD.) 


The indication for a microvascular arterial bypass op- 
eration is erectile insufficiency secondary to arterial oc- 
clusive disease within the hypogastric—cavernous arterial 
bed with no evidence of neurologic, endocrinologic, or 
corporal venoocclusive dysfunction.76 In general, the 
younger the patient, the more focal the arterial occlusive 
disease, the fewer vascular risk factors, and the more effi- 
cient the corporal venoocclusive mechanism, the better 
are the results of reconstructive surgery.77 


Venogenic Impotence 
Percutaneous Venoablation 


Percutaneous transluminal venoablation is a therapeutic 
alternative for patients with venogenic impotence. Spe- 
cial training in the specifics of technique and interpreta- 
tion is suggested before embarking on a program of 
transluminal venoablation.78 The ideal patient has 
venogenic impotence with good arterial inflow and is 
highly motivated to return to potency without the use of 
injections or surgical devices. 

Work by Bookstein and Lurie78 suggested that occlu- 
sion of veins at eight sites is potentially required to ade- 
quately obstruct flow from the corpora cavernosa (Fig. 
30.13): both internal pudendal veins central and periph- 
eral to entry of the crural perforators, the right and left 
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FIGURE 30.13. Penile venous anatomy with sites targeted for venoablation indicated by black bars. (From Bookstein and Lurie,78 


with permission.) 


portions of the preprostatic plexus, and the deep dorsal 
vein of the penis at the penile root and distally. 

Venous access may be gained via (1) direct percuta- 
neous puncture of the deep dorsal penile vein (although 
modified percutaneous techniques and special dilators 
are required for the tough Buck’s fascia); (2) cut-down 
over the dorsal vein of the penis; or (3) retrograde 
catheterization of the internal or external pudendal 
veins from a femoral vein. 

Once access is gained, selective venography is per- 
formed to clarify the anatomy. A combination of coils 
and absorbable gelatin sponge followed by a sclerosing 
agent (3% Sotradecol) is utilized for venoocclusion at 
the involved sites (Fig. 30.14). Venous leakage through 
the superficial dorsal vein may be embolized via direct 
percutaneous puncture or via the ipsilateral femoral vein 
with embolization of the external pudendal vein. 

Clinical results of transluminal venoablation for impo- 
tence have been moderate. A series of 42 patients who 
underwent venoablation was reported by Bookstein.69 
Twenty-one patients showed return of potency, with nine 
achieving excellent function and twelve achieving ade- 
quate function. Three of the patients redeveloped impo- 
tence within 14 months of the procedure. Follow-up in 
the series ranged from 3 to 42 months. Schild et al.79 re- 
ported a series of 58 patients who underwent percuta- 
neous penile venoablation for impotence utilizing 
transpenile or retrograde interventions. Erectile func- 


tion improved in 40 patients (69%) but deteriorated in 
24 (60%) of these successfully treated patients an aver- 
age of 6 months after the procedure. 


Surgical Procedures 


Venous surgery for impotence has been reported to yield 
excellent or improved results in 40-80% of patients.80,81 
A variety of incisions and surgical techniques have been 
reported for surgical repair of the venoocclusive mecha- 
nism. Most are dependent on ligation or excision of the 
deep dorsal vein, superficial dorsal vein, and emissary 
and circumferential branches.77 

Procedures have been developed to enable ligation of 
deeper drainage pathways, such as the crural veins.77 Af- 
ter ligation and excision of the dorsal, cavernous, and 
crural veins of the penis, Lue reported that 82% of pa- 
tients had improved erection or resolution of impo- 
tence.82 Courtheoux et al.83 reported a series of 31 pa- 
tients who underwent combined ligation of the deep 
dorsal vein and transcatheter placement of coils or bal- 
loons near the preprostatic plexus; 26 (84%) achieved 
normal sexual function. 


Priapism 


Priapism is a prolonged, often painful erection unre- 
lated to sexual stimulation. Most cases are considered id- 
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A 


FIGURE 30.14. Transluminal penile venoablation for impo- 
tence. (A) Abnormal cavernosogram demonstrates venoocclu- 
sive dysfunction with leakage of contrast through the deep dor- 
sal vein (short arrow), the internal pudendal veins (long 


Robert A. Ellwood and Matthias J. Kirsch 


B 


arrows), and the internal iliac veins (curved arrows). (B) Selec- 
tive embolization of the internal pudendal (small arrows) and 
internal iliac (large arrow) veins with coils. (Courtesy of Terry 
Brady, MD.) 


FIGURE 30.15. Treatment of posttraumatic “high-flow” pri- 
apism with superselective transcatheter embolism. (A) Selec- 
tive internal pudendal arteriogram shows a pseudoaneurysm 
of the cavernosal artery, with later films demonstrating 
opacification of the corpus cavernosum. (B) Superselective 
catheterization of the cavernosal artery confirms findings. 
(C) After selective embolization the pseudoaneurysm no 
longer opacifies, and the dorsal penile artery remains intact. 
(Courtesy of Kevin Mendez, MD.) 
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iopathic, but other causes include trauma, numerous 
chronic diseases, and drugs.84 

“Low-flow,” or venoocclusive, priapism, due to intrinsic 
or extrinsic venous outflow obstruction is found in most 
cases of priapism. Cavernosography reveals severe con- 
trast stasis within the corpora cavernosa with no venous 
outflow visible. Internal pudendal arteriography shows 
normal filling of the dorsal arteries with nonfilling of 
the deep arteries of the penis.85 Surgical therapy involves 
creation of a shunt between both corpora cavernosa and 
the corpus spongiosum.86 

“High-flow,” or arterial, priapism is less common. It is 
due to uncontrolled arterial inflow, usually due to direct 
trauma and laceration of a cavernosal artery.87 The diag- 
nosis may be suspected by the clinical history and other 
findings. Cavernosography demonstrates immediate ve- 
nous drainage of the corpora cavernosa. Internal puden- 
dal arteriography reveals rapid, intense opacification of 
the corpus cavernosum through patent deep arteries. A 
posttraumatic aneurysm or intrapenile contrast extrava- 
sation may be seen. 

Transcatheter embolization of the internal pudendal 
artery has been described as an alternative therapeutic 
option for “high-flow” priapism.85.88 Utilizing micro- 
catheter systems, superselective catheterization and em- 
bolization of the specific bleeding vessel may also be per- 
formed (Fig. 30.15).87 Short-term arterial occlusion is 
desired to minimize complications and potentially allow 
recovery of normal sexual function.89 Autologous clot 
and absorbable gelatin sponge have been used as em- 
bolic agents. 


Embolization of the Lower 
Genitourinary Tract 


In addition to embolization for treatment of the venous 
“leak” syndrome and priapism, embolization of the 
lower genitourinary tract is also helpful for other disease 
processes. The common indications?9 for such therapy 
are given in Table 30.2. In our experience and that of 
others91-94 bleeding from the lower genitourinary tract 
seems to be the most common indication. 

There are two distinct categories of lower genitouri- 
nary tract bleeding: obstetric and neoplastic. In the for- 
mer, usually in the postpartum state, diagnostic angiog- 
raphy generally demonstrates extravasation; and control 
is readily achieved by embolization with absorbable 


TABLE 30.2. Indications for pelvic embolization 


Control bleeding 

Pain palliation 

Reduce size of neoplasm 

Preoperative devascularization of large neoplasm 
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gelatin sponge particles (Gelfoam, Upjohn, Kalamazoo, 
MI) .92-94 Because of the detectable extravasation, unilat- 
eral embolization has proved successful in these circum- 
stances.94 

With the neoplastic conditions it is rare to visualize ex- 
travasation.94 Despite initial success, long-term control is 
achieved in only 60-70%.91.94 To achieve embolization 
in these patients, most clinicians utilize absorbable 
gelfoam particles, although nonreabsorbable polyvinyl 
alcohol (Ivalon Inc.; San Diego, CA) has also been em- 
ployed.9! The embolic material is preferably delivered 
into the extravasation vessel or the anterior divisions of 
the hypogastric vessels. 

Embolization carries the ordinary postembolic syn- 
drome of nausea, pain, and fever. These patients may 
risk nerve damage, muscle ischemia, as well as bladder 
and skin necrosis.91,92,94-96 Nerve damage and muscle is- 
chemia are often more common when inadvertent em- 
bolic material enters the posterior branch of the hy- 
pogastric artery. Despite the inherent complications and 
incomplete control, embolization of the lower genitouri- 
nary tract remains a viable option for the acute or 
chronic bleeder. 
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Imaging of Tropical Diseases of 
the Lower Genitourinary Tract 


Suleman Merchant 


The tropics extend from 0 to 30 degrees on either side 
of the equator. They comprise four major regions: the 
equatorial region, monsoon region, Savanna grasslands, 
and desert region. The equatorial region mainly consists 
of the Amazon basin, Congo basin, and the islands of 
Malaysia, Java, Sumatra, and so on. The monsoon region 
is composed of the southern part of Asia and part of 
northern Australia (Cairns). Southern Asia includes In- 
dia, Pakistan, Bangladesh, Sri Lanka, Thailand, Philip- 
pines, Southern China, and East Africa. The Savanna 
grasslands include Brazil, Sudan, Kenya, Tanzania, Zam- 
bia, and Angola. The hot desert regions are found in the 
Sahara, Great Indian, Kalahari, Colorado, Great Aus- 
tralia, and the African and Arabian deserts. 

Certain diseases are commonly encountered in the 
tropics owing to socioeconomic, geographic, and envi- 
ronmental factors. Those involving the lower genitouri- 
nary tract are included in this chapter, mainly from the 
imaging perspective. Common tropical diseases involv- 
ing the lower genitourinary tract include tuberculosis, fi- 
lariasis, schistosomiasis, dracunculosis, leprosy, dono- 
vanosis, echinococcosis, yaws, nongonococcal urethritis, 
and lymphogranuloma venereum. 


Tuberculosis 


Epidemiology 


Tuberculosis (TB) remains a major health problem de- 
spite the fact that the causative organism was discovered 
100 years ago and highly effective drug regimens are 
available for treatment. Developed countries have made 
spectacular advances in TB control, mainly attributed to 
changes in the “nonspecific” determinants of the dis- 
ease, such as improvement in the standard of living and 
quality of life. 

Developing countries account for three-fourths of TB 
cases worldwide. Most cases are never diagnosed at all, 


much less correctly treated. In fact, developing countries 
have shown an increase in TB cases due to the concur- 
rent population explosion, which has overwhelmed the 
control measures. Most cases are seen in rural and semi- 
urban areas. Those in the urban areas are mainly among 
the low socioeconomic status groups, particularly slum 
dwellers.! 

Tuberculosis of the urinary tract is not uncommon in 
developing countries, and it continues to be an impor- 
tant clinical problem because of its nonspecific clinical 
presentation and variable radiographic appearances, 
which often mimic many other pathologic lesions. The 
disease occurs predominantly between the second and 
fourth decades of life, having a distinctly low incidence 
among children; and it is less prevalent during the fifth 
and sixth decades. 

In Western countries and the United States, the inci- 
dence of pulmonary TB is increasing because of the 
large number of patients with acquired immunodef}- 
ciency syndrome (AIDS). An increased incidence of TB 
involving extrapulmonary sites has been noted in AIDS 
patients. TB occurs in approximately 10% of patients 
with AIDS and involves at least one extrapulmonary site 
in nearly 50% of the cases.? 


Pathogenesis 


Mycobacterium tuberculosis is the usual cause of urinary 
tract TB. Discharge of these acid-fast bacilli into the 
bloodstream from an active site of infection (often pul- 
monary) can lead to the formation of miliary tuberculo- 
mas in the kidneys. These granulomas may coalesce and 
form cavities that communicate with the pelvic calyceal 
system via a rupture, or they may be secondary to necro- 
sis or sloughed papillae. When the bacilli are shed into 
the urine, they infect the walls of the ureter, where they 
produce an initial mucosal inflammation with ulcer- 
ation, then granulomas, and ultimately fibrosis with 
strictures. The bacilli descend to the bladder, where 
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processes similar to those that occur in the collecting sys- 
tem and ureter may cause obstruction, reflux, or both 
owing to involvement of the ureteric orifices. The 
changes in the bladder are responsible for dysuria and 
frequency, a common initial complaint of patients with 
urogenital TB.3.4 | 

Bladder involvement is frequent and can be expected 
in one-third of cases of genitourinary TB. As with other 
forms of acute cystitis, early tuberculous cystitis shows 
bullous changes of the bladder mucosa. As the disease 
progresses, the bladder becomes contracted and irregu- 
lar, and the irregularity may be asymmetric. Rarely calci- 
fication occurs in the bladder wall, and rarely the bacilli 
may also descend to the urethra and may result in a ure- 
thral stricture and periurethral abscess or fistula forma- 
tion.5-7 


Imaging the Lower Urinary Tract 
for Tuberculosis 


Bladder 
Plain Film 


Although urinary tract TB is thought almost always to be 
accompanied by TB elsewhere, radiographic manifesta- 
tions of extraurinary TB are by no means inevitable. Pul- 
monary TB may be visualized. In the abdomen there 
may be calcification of the adrenals, lymph nodes, or 
psoas abscesses, and calcified granulomas in the liver or 
spleen may appear. Although renal and ureteric calcifi- 
cation is fairly common in TB (in fact, the classic lobar 
pattern of calcification is pathognomonic of end-stage 
renal TB), vesical calcification is not so common. The 
prostate, seminal vesicles, and vas deferentia may calcify, 
but the appearance of TB calcifications does not permit 
differentiation from other calcifications in these organs. 


Cystography 


A number of sites in the bladder are affected simultane- 
ously. The earliest manifestations are mucosal edema 
and ulcerations, predominantly surrounding the 
ureteric orifices. Edema of the trigonal mucosa can pro- 
duce ureteral obstruction. TB of the bladder is an inter- 
stitial cystitis that most commonly produces a thickened 
spastic bladder of small capacity. The bladder lumen, as 
seen radiographically, is sometimes irregular owing to a 
localized deformity from cicatrization (Fig. 31.1) or a hy- 
perplastic inflammatory lesion. Occasionally, granuloma 
formation is noted.3-6 

Tuberculomas in the vesical wall can be large, mani- 
festing radiologically as filling defects, simulating carci- 
noma. With multiple vesical tuberculomas, cystography 
reveals filling defects, simulating the appearance of mul- 
tiple polypoidal neoplasms. With TB cystitis there is 
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FIGURE 31.1. Cystogram demonstrating cicatricial contraction 
of the bladder with associated deformity (arrows). 


chronic ulceration and often hypertrophy of the bladder 
wall. The undermining ulcer of the bladder may be seen 
as an escape of contrast into the deeper layers of the 
bladder wall, with the overhanging mucosa seen occa- 
sionally (Fig. 31.2) .3.4 

Marked cicatricial contraction of the bladder wall can 
result from extensive disease. Diffuse cicatricial contrac- 
tion produces an asymmetric, small, thick-walled blad- 
der. Irregular bands of fibrosis can produce a small blad- 
der of multilobular shape. The tuberculous bladder may 
contract to minute proportions, called a “thimble blad- 
der.”8 Dilatation of the upper tracts can result from blad- 
der abnormalities due to the small vesical capacity or to 
constriction of the intramural portion of the ureters by 
the thick vesical wall. Fibrosis in the region of the 
trigone produces gaping ureteric orifices and conse- 
quently vesicoureteral reflux (Fig. 31.3). Surgery to in- 
crease bladder capacity (augmentation cystoplasty) has a 
characteristic radiologic appearance (Fig. 31.4). Distinct 
from TB of the kidney, TB of the bladder is rarely associ- 
ated with calcification. When present, it appears as mul- 


FIGURE 31.2. Tuberculous cystitis resulting in diffuse mucosal 
irregularity (arrowheads) and undermining ulcers (arrows). 
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‘FIGURE 31.3. Markedly reduced bladder capacity (the thimble 
bladder) with gross left vesicoureteric reflux. 


tiple speckled or curvilinear areas of calcification. Infre- 
quently, a vesicorectal or vesicovaginal fistula is seen.’ 


Ultrasonography 


Bladder scarring is easily detectable sonographically, es- 
pecially the focal variety. The deformed shape of the 
bladder can easily be appreciated. Distention of the blad- 
der may be necessary to gauge true bladder capacity, 
which also helps to delineate focal scarring better. The 
bladder may assume different configurations, which 
along with the small bladder capacity and thick wall are 
reliable ultrasonographic (US) findings of vesical TB. 
Septation may be noted in the bladder. Focal nodular le- 
sions may also be seen that have been reported to be ses- 
sile, echogenic, and mostly located at the base of the 
bladder. Bladder tumors may have a similar appearance, 
and therefore cystoscopic biopsy is advised. An under- 
mining ulcer of the bladder wall can also be recognized 
at sonography. It is seen as intravasation of urine into the 
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FIGURE 31.4. Augmented cystoplasty. The dome of the original 
cicatrized bladder is outlined by arrows. 


deeper layers of the bladder wall with overhanging mu- 
cosa.9 


Computed Tomography 


Cicatrization can be delineated with computed tomogra- 
phy (CT), and septa are visualized occasionally (Fig. 
31.5). CT offers no significant advantage over US except 
in the detection of faint calcification and evidence of 
disease in the adjacent structures, especially the seminal 
vesicles and prostate. 


Urethra 


Tuberculosis is a rare cause of urethritis. It most com- 
monly occurs as a descending form of infection resulting 
from tuberculosis involvement of the kidneys. It may re- 
sult in a prostatic abscess, urethral stricture, and pelvi- 
urethral abscess or fistula formation. Fistulas may be nu- 
merous, resulting in the “watering can” perineum.® 
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FIGURE 31.5. CT demonstration of contracted cicatrized blad- 


der with septation (arrow) in a patient with tuberculosis of the 
bladder. 


Retrograde urethrography delineates these details best 
(Fig. 31.6). Sonourethrography can assess the true ex- 
tent of periurethral fibrosis and whether a stricture is 
amenable to balloon dilatation, urethrectomy, or surgi- 
cal urethroplasty. 10 


Tuberculosis of the Male Genital Tract 


More than 50% of male patients with genitourinary TB 
have genital involvement. The common route by which 
Mycobacterium tuberculosis gains access to the male genital 
tract is controversial, with some authors believing that 
most cases occur by hematogenous spread. Others argue 
that spread from the urinary tract is usually the cause, re- 


FIGURE 31.6. Retrograde urethrogram demonstrating multiple 
fistulous tracts resulting in the “watering-can perineum” due to 
chronic tuberculous periurethral abscesses. Multiple segmental 
urethral strictures are also seen (arrows). 


Suleman Merchant 


sulting from reactivation of renal tubercles and ante- 
grade seeding of the prostate and seminal vesicles with 
subsequent retrograde extension to the epididymis, 
which in turn may extend to the testis. 

Despite an increasing proportion of tuberculous pa- 
tients having extrapulmonary TB, the number of infec- 
tions involving the genital tract is probably relatively con- 
stant. It occurs most frequently in men aged 10-40 years. 
It is rare in prepubescent boys, comprising fewer than 3% 
of all genital TB cases. In the few children reported to have 
genital TB, the commonest forms have been epididymitis 
and penile postcircumcision TB. The epididymis is most 
commonly involved (42%). Other involved sites are the 
seminal vesicles (23%), prostate (21%), testis (15%), vas 
deferens (12%), and penis (<1%).11.12 

Although the kidneys are the commonest genitouri- 
nary site involved in AIDS patients, involvement of the 
genital tract is also well known. Reactivation of dormant 
or incompletely treated genitourinary lesions resulting 
from previous hematogenous spread has been noted in 
many patients presenting with tuberculous epididymitis. 
This factor may be important in patients with AIDS, as 
epidemiologic data suggest reactivation as the primary 
mechanism of M. tuberculosis infection in this disease.18 


Epididymis 


Epididymitis, with an incidence as high as 54%, was a sig- 
nificant feature in early reports on urogenital TB.11 The 
incidence has rapidly declined in developed countries. 
The incidence in developing countries varies from 5% to 
26%. Most cases are caused by retrograde spread of in- 
fection from the bladder or prostate, although a few le- 
sions are hematogenous in origin, particularly when epi- 
didymitis is the presenting feature. The inflammatory 
process usually begins in the tail of the epididymis and 
spreads to the body and head. The inflammatory process 
may spread to involve the testis (epididymoorchitis). Tes- 
ticular involvement was reported to be absent by some 
authors, whereas others reported 83-100% infection via 
ipsilateral epididymitis. Chronic and indolent infection 
occasionally leads to persistent thickening and fibrosis of 
the epididymis with extension superiorly into the cord.12 

The inflamed epididymis is usually enlarged and hy- 
poechoic. The inflammatory hyperemia is best demon- 
strated on color flow imaging. There may be focal or dif- 
fuse involvement. In some patients only the tail is 
abnormal, whereas in others the head is predominantly 
affected (Fig. 31.7A,B). Kim et al. noted that TB epi- 
didymitis has a predilection for the tail region. Of their 
10 patients with epididymitis, 3 had the disease limited 
to the tail; 7 had diffuse epididymal involvement, but in 
all of these patients involvement of the epididymal tail 
was more pronounced than that of the head or the body. 
This tail predominance was not seen in non-TB patients. 
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FIGURE 31.7. Sagittal (A) and oblique (B) sonograms of the tes- 
ticle demonstrate multiple focal hypoechoic nodules (N) in an 
enlarged epididymis. Tuberculous epididymitis was proved at 
surgery. (C) Sagittal scan of the left scrotum demonstrates an 
enlarged echogenic epididymis with focal hypoechoic nodules 
(arrow) in a patient with chronic tuberculous epididymitis. A 


small hydrocele is also present. (Courtesy of Surg-Cdr S. Gane- 
shan, MD) 


Often there is associated scrotal wall thickening and a re- 
active hydrocele.!4 A focus of calcification may be pres- 
ent within the hydrocele. When the inflammation pro- 
gresses to form an abscess, the shaggy-walled cavity has a 
typical appearance with its inflammatory capsule.15 

During the chronic phase, there may be marked thick- 
ening of the epididymis, which often appears heteroge- 
neous or hyperechoic (Fig. 31.7C). A small epididymis 
with a coarse echotexture and scattered areas of calcifi- 
cation have been noted with tuberculous epididymitis. 
The epididymis has a markedly heterogenous echotex- 
ture compared to that in non-TB patients in whom the 
epididymis is uniformly hypoechoic. Few hyperechoic ar- 
eas are also noted, as is cord thickening.16.17 
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Testis 


Tuberculous orchitis, most often results from contiguous 
extension from the epididymis; cases of isolated TB or- 
chitis are rare. Hematogenous infection of the testis oc- 
curs in fewer than 5% of cases of miliary TB.11 

When affected, the testes may be enlarged and hypo- 
echoic or, more commonly, has focal areas of hypo- 
echogenicity, mimicking tumors. Kim et al.14 stated that 
testicular involvement in TB can take one or more of 
three forms: (1) a diffusely hypoechoic and enlarged 
testis; (2) focal, ill-defined, hypoechoic areas in the 
testis; and (3) an irregular margin between the testis and 
the epididymis. A peripheral crescent-shaped area of hy- 
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poechogenicity adjacent to the epididymis, however, fa- 
vors orchitis as the cause of the focal abnormality.14 
When the epididymis is significantly enlarged by edema 
or pus, the testicular artery may be compressed or oc- 
cluded, resulting in focal areas of ischemia or infarction. 
A chronic form rarely ensues. The testis is enlarged (usu- 
ally smooth), hard, and nontender. The echoes are in- 
creased in intensity and usually uniform, but when the 
disease is patchy they are irregular or even form a mass 
lesion indistinguishable from a tumor. 

Calcification is a common finding with TB orchitis. 
Hydroceles are usually anechoic but, may reveal thin sep- 
tations (Fig. 31.7). Pyoceles have irregular thick septa- 
tions with heterogenous debris, reflecting the more com- 
plex nature of the fluid. A tuberculous hydrocele may 
reveal calcification within. If calcification 1s noted within 
a hydrocele in a patient with epididymitis-orchitis, a tu- 
berculous etiology should be the prime considera- 
tion.18.19 TB epididymoorchitis has been reported in 
AIDS patients.13 


Seminal Vesicle 


Tuberculosis of the seminal vesicle may occur as primary 
genital TB or secondary to involvement of the upper uri- 
nary tract with downward extension. The prostate is of- 
ten concomitantly involved by the process. The disease 
produces destruction of the convolutions of the seminal 
vesicles with abscess formation. The ejaculatory ducts 
may be obstructed, which can lead to cystic changes in 
the seminal vesicles. Calcification is often seen and may 
be the only manifestation of the disease.19,20 

The changes on vasoseminal vesiculography (VSV) are 
not specific for seminal vesiculitis. A feathery appear- 
ance of the vas deferens due to multiple small vasa diver- 
ticula, has been reported, but it has also occasionally 
been seen in normal men. Stenosis, fibrosis, and dilata- 
tion may be seen with seminal vesiculitis.2! VSV has been 
reported to show deformity and segmental stenosis of 
the ipsilateral seminal vesicle in most patients with epi- 
didymoorchitis.22 The changes noted with tuberculous 
involvement of the seminal vesicles (enlargement, ab- 
scess formation, cystic change, and calcification) can be 
well delineated by US,23 especially transrectal US 
(TRUS), which is particularly helpful for identifying and 
distinguishing seminal vesicular lesions. 

Computed tomography may show enlargement of one 
or both vesicles, intravesicle areas of variable (usually 
low) attenuation, and indistinct, irregular, enhancing hy- 
peremic borders. Strand formation in the perivesicle fat 
may also be noted. The bladder wall adjacent to a semi- 
nal vesicle abscess may be thickened, diffusely or focally. 
CT has shown evolutionary changes in the seminal vesi- 
cles, including destruction of their convolutions, abscess 
formation, and eventually an enlarged calcified mass. 
Calcification of the vas deferens and seminal vesicles, 
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FIGURE 31.8. Plain film of the pelvis demonstrates bilaterally 
calcified vas deferens secondary to chronic tuberculous infec- 
tion (arrows). 


which may be the only manifestation of the disease, is 
easily detectable on plain film or CT (Fig. 31.8) .24 


Prostate 


The possible routes of TB involvement of the prostate 
are descending infection from the urinary tract, lym- 
phatic and hematogenous spread, direct extension from 
neighboring organs, and rarely ascending infection 
through the urethra. It has been known to occur follow- 
ing intravesical bacille Calmette Guérin (BCG) therapy 
for bladder carcinoma.25 

Auerbach reported 728 autopsies of tuberculous cases 
of which 100 showed prostatic involvement. In the series 
of cases of genital TB reported by Medlor et al.26 the 
prostate was involved in all. Thus although it has been 
mentioned that prostatic TB is an uncommon condi- 
tion,!” the incidence should be higher than that stated 
in the radiologic literature. 

Basically, the prostate gland is enlarged and contains 
intraprostatic lesions that represent foci of caseous 
necrosis and inflammation known to be caused by tuber- 
culous infection. Tuberculous abscesses and excavations 
produced in the prostate may also communicate with the 
urethra.25 

Prior to the introduction of US and CT, cystourethrog- 
raphy was the imaging modality of choice for diagnosis 
of TB of the prostate. There is bladder elevation due to 
prostatic enlargement and cavities communicating with 
the urethra. Urethral communication of cavities could 
also be demonstrable on dynamic retrograde urethrog- 
raphy. TB can also result in calcification in the prostate, 
but the radiologic appearance cannot be differentiated 
from other types of prostatic calculi or calcific prostati- 
tis.26 

Improvement in imaging techniques, specifically the 
development of high resolution intracavitary probes for 
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TRUS evaluation of the prostate gland, has increased 
our understanding of prostatic disease. Prostatitis in- 
volves the peripheral or the central zone. The distribu- 
tion by hematogenous spread is predominantly in the 
peripheral zone, similar to that of prostatic cancer. US 
reveals enlargement of the gland with solitary (rare) or 
multiple hypoechoic zones of varying sizes within. Irreg- 
ularity of the outlines of these hypoechoic areas may also 
be noted. Irregularity of the external contour of the 
prostate has been noted.27.28 The irregularity usually dis- 
appears with medical treatment. With chronic prostatitis, 
TRUS findings are variable, usually showing a heteroge- 
nous echotexture with an irregular appearance (Fig. 
31.9). Dystrophic calcification may be noted. Occasion- 
ally enlarged blood vessels, creating a sonolucent zone 
around the prostate, have been described in patients with 
chronic prostatitis. Fine-needle aspiration drainage may 
be performed via a transperineal or transrectal route. 


Vas Deferens 


The vas deferens is involved in about 12% of cases of 
genital TB. Vas deferens calcifications resulting from 
TB are characteristically intraluminal concretions, but 
intramural calcification has also been reported. These 
are radiologically indistinguishable from that seen in di- 
abetes mellitus or with aging (Fig. 31.8). Obstruction of 
the vas deferens can be caused by TB and may be 
demonstrable by vasovesiculography, which may also 
show a beaded vas. 


FIGURE 31.9. Transrectal sonogram of the prostate in the trans- 
verse plane reveals a focal echogenic area in the right central 
gland. Ultrasound-guided transrectal biopsy confirmed tuber- 
culous prostatitis. (Courtesy of Surg-Cdr S. Ganeshan, MD) 
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Penis 


Tuberculosis of the penis is rare (1%) and may be sec- 
ondary to coexisting urinary tract TB. Transmission oc- 
curs by bacilluria, or the infection may be due to direct 
contact during intercourse with a partner who has uro- 
genital TB. It presents as a painless (although sometimes 
tender) ulcer on the glans penis. The diagnosis is usually 
made by biopsy. Radiologic findings are absent. 


Female Genital Tract 
Pathogenesis 


Tuberculosis of the fallopian tubes is not considered a 
sexually transmitted infection, although it is theoretically 
possible for a woman to be infected by a man with TB 
epididymitis. The primary focus of genital TB in women 
is spread from the fallopian tube. Tubal infection results 
in spread to the uterus in 50% of patients.29.30 


Imaging Features 


Plain films of the pelvis may show calcification of the 
tubes or ovaries. Although it has been stated that genital 
calcification is rare and must be differentiated from cal- 
cified presacral nodes, calcified uterine myomas, pelvic 
phleboliths, and the opaque teeth found in ovarian der- 
moids, it is not difficult to identify and differentiate such 
calcification, especially when it is tubal in location. 
Tubal calcification takes the form of linear streaks, 
which lie in the course of the fallopian tubes or appear 
as faint or dense tiny nodules. The former appearance is 
virtually diagnostic of tuberculous infection. 

Hysterosalpingography (HSG) is most helpful in sug- 
gesting the diagnosis of genital TB in patients being ex- 
amined for infertility. Historically, HSG has been and re- 
mains the initial procedure for assessment of tubal and 
peritoneal factors leading to infertility (see Chapter 26). 
Obtaining “early films,” when only about 3-4 ml of con- 
trast is instilled, is vital for defining endometrial and 
tubal findings, especially with tuberculous disease where 
there may be a severe reduction in uterine luminal size 
due to scarring and where intrauterine adhesions are 
present. Oblique radiographs aid in the evaluation of 
uterine configuration, tubal anatomy, and spillage pat- 
tern. In addition to supine views, prone views are helpful 
for differentiating free from loculated spillage related to 
peritubal adhesions. The bowel pattern can be studied 
with adequate peritoneal spill of contrast and may indi- 
cate the presence of peritoneal adhesions and associated 
TB involvement of the small bowel.29.32 

Tuberculous tubal abnormalities are almost always bi- 
lateral but not symmetric. Fallopian tube narrowing, oc- 
clusion, and fistula formation have been observed. 
Caseous ulceration of the mucosa produces ragged con- 
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tours and diverticular outpouchings of both the isthmus 
and the ampulla. Hydrosalpinx is a common finding. 
Diverticular cavities may surround the ampulla and give 
it a characteristic tufted appearance. Isthmic diverticula, 
resembling those seen with salpingitis isthmica nodosa 
(SIN), are also noted.33 As the TB lesion heals the entire 
tube becomes encased in a heavy connective tissue scar, 
and the lumen develops a beaded, rigid, pipestem ap- 
pearance. Isthmic obstruction is frequent and is charac- 
terized by an irregular, patulous lumen. Tubal occlusion 
may occur at various sites; and accordingly, the tube may 
or may not be visualized partially or completely. Pucker- 
ing, strictures, peritubal halo, and fixation are other 
tubal findings that although commonly seen are not 
specific for TB. Localized peritubal spillage of contrast 
is commonly observed. Distal tubal disease usually ap- 
pears secondary to peritubal adhesions formed as a re- 
sult of inflammation. These adhesions disrupt the deli- 
cate anatomic relation between the tube and the ovary, 
interfering with normal ovulation or preventing normal 
capture and transport of the ovum. On HSG, peritubal 
adhesions can be detected in up to 75% of cases when 
certain objective criteria are used, of which the pres- 
ence of a convoluted or corkscrew fallopian tube, peri- 
tubal halo, tubal fixity, and loculated spillage of contrast 
material are especially important (Fig. 31.10).34 Peri- 
toneal adhesions can also be detected if there has been 
significant peritoneal spill. The normal smooth pattern 


of the filling defects produced by bowel loops is dis- . 


torted, and the architecture is changed significantly. 
Transvaginal sonography (TVS) provides exquisite de- 

tails on tubal anatomy, especially when the tubes are di- 

lated or if there is free fluid present. The walls of the 


FIGURE 31.10. Bilateral hydrosalpinx along with vertically fixed 
fallopian tubes and peritubal halos (arrowheads), which indi- 
cate the presence of peritubal adhesions. Mild uterine scarring 
is also present (arrow), which indicates tuberculosis as an etio- 
logic factor. 


Suleman Merchant 


tubes are markedly thickened and irregular with a 
chronic hydrosalpinx or pyosalpinx. TVS refinements 
led to the development of the Sion Hospital test34 for 
tubal patency and the Sion Hospital procedure, which 
evaluates not only tubal patency but also mobility, the 
fimbriae, and any tubal adhesions. The Sion test and the 
Sion procedure contribute significantly to the evaluation 
of patients with TB of the female genital tract.35 

The Sion test is a technique in which TV sonosalpin- 
gography confirms tubal patency by visualizing turbu- 
lence near the fimbrial end when agitated saline is in- 
jected through a Foley catheter passed within the uterine 
cavity. Although various types of US contrast media, such 
as Echovist or Levovist, have been utilized to study tubal 
patency, the Sion test demonstrates that agitated saline 
can be equally effective in addition to being much less 
expensive. Additional use of pulsed-wave Doppler for 
TVS as a supplement to gray-scale imaging in cases of 
suspected tubal occlusions and in the event of intratubal 
flow demonstrable over a short distance has also been 
recommended. Undilated tubes, tubal motility, and their 
milieu, especially pelvic adhesions, can be well evaluated 
by the Sion procedure or hydrogynecography. With this 
procedure instillation of saline in the cul-de-sac facili- 
tates delineation of the tubes and their milieu.35,36 

Tubal TB spreads to the endometrium in approxi- 
mately one-half of cases. It has been reported to have a 
nonspecific appearance on HSG, commonly character- 
ized by synechiae, distorted uterine contours, and lym- 
phatic intravasation.29,31 In my opinion, however, the ap- 
pearance is specific in many cases, and a combination of 
any of the tubal changes described above, along with any 
of the following endometrial changes (especially when 
accompanied by myometrial intravasation) are sufficient 
to suggest TB as the etiologic factor. 

Myometrial intravasation followed by venous intravasa- 
tion is more commonly seen than lymphatic intravasa- 
tion. Synechiae or intrauterine adhesions are character- 
istically irregular, angulated, and stellate with well 
demarcated borders. They present as filling defects due 
to adhesions or apposition of the walls of the uterus with 
failure of distention of the lumen (Fig. 31.11). Adhe- 
sions vary markedly in their density and size, ranging 
from flimsy adhesions to those that completely obliterate 
the cavity. Adhesions in the cornual region may result in 
tubal occlusion, whereas those in the cervicoisthmic re- 
gion may completely obstruct and be associated with sec- 
ondary amenorrhea. 

The endometrial echoes appear inhomogeneous and 
thickened and may become highly echogenic with a 
small amount of fluid within the endometrium. Septa- 
tions or bands may be noted within the endometrial cav- 
ity, which are usually thin. Sonohysterography has made 
it possible to diagnose intrauterine synechiae with US. 
Even small septa can be seen within the endometrial cav- 
ity once fluid is instilled (Fig. 31.12). 
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FiGURE 31.11. Hysterosalpingogram demonstrates near-total 
obliteration of the uterine cavity (arrow) with marked myome- 
trial extravasation of contrast material. Extensive venous in- 
travasation of contrast is also noted (arrowheads). This appear- 
ance is characteristic of uterine tuberculosis. 


I have observed a T-shaped uterus in a significant 
number of patients with uterine TB and believe that in 
the appropriate setting it is virtually diagnostic of uterine 
TB. In the Western literature, a T-shaped uterus has usu- 
ally been labeled a diethylstilbestrol (DES) uterus. DES, 
a synthetic estrogen, was frequently prescribed between 
1945 and 1970 in the United States for threatened abor- 
tion. The daughters of these women developed de- 
formed uteri that were labeled DES uteri. The T-shaped 
uteri we have noted are similar to the DES uteri. The 
DES uterus is usually T-shaped and hypoplastic, and it 
may have constriction bands, polypoid defects, syn- 
echiae, and a narrowed endocervical canal. The DES 
and tuberculous uteri both have irregular margins. How- 
ever, tubal changes are not noted in DES uteri, as the 
tubes remain unaffected by the DES exposure. Tubal 
changes are invariably seen in T-shaped uteri due to TB. 
A T-shaped DES uterus has been identified on TVS.37 


A 


FIGURE 31.12. (A) Transvaginal sonogram following installation 
of saline demonstrates a poorly distensible endometrial canal 
with deformity (arrows). In addition, there is coarse echotex- 
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Heterogeneous, coarse echotexture of the myometrium 
and tiny myometrial granulomas were also identified. 
The normal uterine cavity has a triangular appearance 
with either straight or concave lateral walls. With tuber- 
culous endometritis, because of scarring along the long 
axis and short axis of the uterus, this triangular shape is 
converted to a T-shape (Fig. 31.13). Scarring is also rec- 
ognizable by the asymmetric uterine contour it pro- 
duces. Although uterine asymmetry has been described 
as a sign helpful in the detection of fibroids,37 it usually 
is accompanied by uterine luminal enlargement. An 
asymmetric, small uterine cavity is usually due to TB. 

Occasionally the scarring is more unilateral, which 
may lead to obliteration of that side of the uterine cavity 
and a unicornuate uterus-like appearance: the pseudo- 
unicornuate uterus (Fig. 31.14). Comparison with previ- 
ous films, laparoscopy, and awareness of this type of scar- 
ring is essential for excluding TB in a true unicornuate 
uterus. Associated findings in endometrial TB include 
myometrial extravasation, venous intravasation, or both 
(Fig. 31.14). In my opinion, this finding along with any 
other endometrial or tubal change is highly suggestive of 
a tuberculous etiology (Fig. 31.14). 


Sonohysterography 


Septations or bands can be seen exceptionally well on 
sonohysterography, especially the flimsy bands seen dur- 
ing early tuberculosis. Flimsy adhesions may be seen as 
thin, undulating membranes that are best identified 
with real-time imaging.38 Nondistensibility of the cavity 
can be studied, and the amount of scarring can be 
gauged effectively. Endometrial ulcerations may be visu- 
alized. Changes in the echotexture of the myometrium 
can be appreciated better after instillation of fluid within 
the endometrial cavity (Fig. 31.15). 


B 


ture of the myometrium. (B) Hysterosalpingogram confirms 
markedly irregular endometrial canal and bilateral tubal occlu- 
sions (arrows). 
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FIGURE 31.13. (A) Development of T-shaped uterus. Note the 
capacious, irregular endometrial cavity with bilateral tubal oc- 
clusions and myometrial extravasation (arrows). (B) Four years 


Filariasis 


Filariasis is transmitted by the nematodes Wuchereria ban- 
crofti and Brugia malayi and in a few cases by Brugia timori. 
It is estimated that the disease involves 90 million people 
worldwide with 10 times as many more at risk. The bulk 
of the disease occurs in the tropics. W. bancrofti has wide 
distribution and is seen in Africa, Latin America, and in 
many islands in the Pacific Ocean. It is endemic in al- 
most all parts of India except for a few states. B. malayi is 
more restricted and is seen in southwestern India, 


A 


FIGURE 31.14. Pseudounicornuate uterus. 


Hysterosalpin- 
gogram demonstrates an obstructed right fallopian tube at the 
cornual end (arrowhead) and obstruction of the left fallopian 
tube at the fimbrial end. There is minimal myometrial extrava- 
sation (arrow). Also note the uterine synechiae (small arrows). 
(B) Follow-up hysterosalpingogram reveals a markedly de- 
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after the initial hysterosalpingogram, a follow-up study demon- 
strates progressive scarring that has resulted in a T-shaped 
uterus. 


China, Indonesia, Malaysia, Korea, and the Philippines. 
B. timori is confined to small foci in Indonesia.40 


Life Cycle 


Humans are the definitive host and the mosquito the in- 
termediate host for both types of filariasis. The adult 
worms are seen in the lymphatic system of humans. Vi- 
viparous female worms can give rise to as many as 50,000 
microfilariae per day, and these offspring find their way 
into the bloodstream where they are ingested by a biting 
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formed uterine cavity. There is progressive scarring and obliter- 
ation of the right side of the endometrial cavity giving rise to an 
appearance of a “unicornuate uterus.” Myometrial extravasa- 
tion (arrow) and opacification of the left gonadal vein are also 
noted (arrowheads). 
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FIGURE 31.15. Sonohysterogram shows minute ulcerations in 
the endometrial canal. The myometrium has a coarse echotex- 
ture. 


mosquito. In the mosquito there are three stages of de- 
velopment; and the third-stage, infective, larva is in- 
jected into another human to continue the cycle.4! 


Vectors 


Culex quinquefasciatus and Aedes aegypti transmit urban in- 
fection. The rural form is transmitted by Anopheles gam- 
bia and Anopheles funestus. Brugian filariasis may also be 
transmitted by Mansonia species.40,41 There is no other 
mode of transmission of the disease. 

All age groups are susceptible. Even 6-month-old in- 
fants have been seen to suffer from it. The incidence is 
highest in the 20- to 30-year age group, and males are af- 
fected more frequently than females. Resistance to infec- 
tion can develop after many years of exposure, the im- 
munologic basis of which is not known. The disease is 
often associated with illiteracy, poverty, and poor socio- 
economic status and is therefore more common in the 
tropics. Hot climates influence the breeding of mosqui- 
tos. Vectors breed profusely in cesspools, open ditches, 
pits, and ill-maintained drains. Thus poor town planning 
and maintenance contribute to vector breeding.40- 42 


Etiopathogenesis of Scrotal Involvement 


The pathogenic effects of filariasis are produced by 
adult filaria, living or dead. The parasite causes lym- 
phangitis, which has been attributed to direct mechani- 
cal irritation or liberation of toxic metabolites by either 
living or dying worms. Soon after the infective larvae 
reach the lymphatics, there is a marked cell-mediated 
response in the regional lymph nodes followed by an 
antibody-mediated response in the afferent lymphatics.42 
The chronic stage shows lymphatic blockade, which is 
due to a combination of direct mechanical blocking and 
fibrosis of lymphatics and lymph nodes due to recurrent 
attacks of lymphangitis. Brugian filariasis does not in- 
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volve the genitalia frequently except when it occurs with 
wuchererian filariasis.44 


Imaging 


The dead worms may become calcified in the tissues; but 
calcification per se is rare. When present, it may take a 
characteristic form of thin, tubular structures. Focal cal- 
cifications, which represent calcified filarian granulo- 
mas, are occasionally seen. Raghavaiah described two 
cases of mottled epididymal calcification in patients with 
chronic filarial funiculoepididymitis seen on plain 
films.45 The dilated scrotal lymphatic channels are occa- 
sionally seen on lymphangiography (Fig. 31.16). 


Stages of the Disease 
Acute Stage 


The acute stage presents as acute epididymoorchitis and 
funiculitis. The globus major of the epididymis is the fa- 


FIGURE 31.16. Dilated scrotal lymphatic channels in a patient 
with known filariasis as documented by lymphangiography. 
(Courtesy Hemant Deshmukh, MD.) 
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vored site of the adult worms. Regional lymphadenitis 
also occurs. Lymphangitis of the cord leads to funiculitis 
and has been called endemic funiculitis. A diffusely en- 
larged and homogeneously hypoechoic cord is seen. 
Comparison can be made with the opposite side. Testicu- 
lar involvement is the rule, which is in contrast to other 
conditions where acute epididymitis may not have associ- 
ated orchitis. The involvement is more often bilateral, 
though unilateral involvement can also occur. The af- 
fected testis and epididymis are enlarged and diffusely 
hypoechoic. Epididymal changes may be the dominating 
finding. Serial follow-up scans show that the initial hy- 
poechoic pattern is replaced by a diffusely increased 
echotexture within 3-4 days. In some cases focal hypo- 
echoic areas are seen and cause a coarse, heterogeneous 
appearance of the testis.43 Associated small secondary 
hydroceles are common. Filarial abscesses can develop 
in the scrotum and initially resemble an attack of lym- 
phangitis. They rupture within a few weeks and dis- 
charge pus and even fragments of dead worms. © 


Acute on Chronic Stage 


Acute exacerbations are associated with a sudden in- 
crease in the size of the testis or the epididymis, some- 
times associated with a small secondary hydrocele. The 
differential diagnosis includes acute epididymorchitis 
due to other infections, testicular torsion, torsion of the 
appendix of the testis, hemorrhage or infarction in a tes- 
ticular neoplasm, and acute idiopathic scrotal edema. 


Chronic Stage 


The chronic stage includes three basic changes: hydro- 
celes, lymphangiovarices, and elephantiasis. 


Manifestations 
Hydroceles 


Recurrent attacks of epididymoorchitis lead to hydrocele 
due to interference of lymph drainage from the tunica 
vaginalis. The presence of a hydrocele is one of the indi- 
cators of filarial disease in endemic areas. The fluid in 
the hydrocele is either simple serous fluid or lymph and 
may contain microfilaria. It is usually totally anechoic. 
The collection may be large and tense and may cause 
displacement of the testis.43 Secondary infection with B- 
hemolytic streptococci can convert this hydrocele into a 
pyocele, with the presence of internal echoes and septa- 
tions. If not treated early, infection can cause testicular 
abscesses, infarcts, and fulminant fasciitis. Hydroceles 
have not been described in B. malayi patients. 


Lymphangiovanices 


Lymphatic obstruction leads to lymphangiectasis, and 
the lymphatics become dilated and tortuous to form 
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“lymphangiovarices” (Fig. 31.16). These structures are 
seen sonographically as thin-walled, dilated, tortuous 
clusters of vessels that give a fine lacy appearance 
around the testis and epididymis and surround the cord 
(Fig. 31.17). Rupture of the vessels leads to conversion of 
the hydrocele into a lymphocele. Multiple discharging si- 
nuses can form and can lead to the so-called lymph scro- 
tum. There is a serous, serosanguineous, or milky dis- 
charge from the scrotum. Continuous weeping of lymph 
from the scrotum makes it highly vulnerable to sec- 
ondary infections.41,43 


Elephantiasis 


Eventual destruction of the worms, caseation, granu- 
loma, and fibrosis lead to vessel breakdown; pools of 
lymph then collect in the tissue, resulting in elephantia- 
sis. The connective tissue hypertrophy and hyperplasia 
seen with filarial elephantiasis is due to proteins present 
in the lymph exudate that stimulate proliferation of cel- 
lular elements of the skin and subcutaneous tissues.46,47 
Secondary infection with B-hemolytic streptococci has 
also been reported in animal studies. 

During the early stages, thick interlacing internal sep- 
tations are seen in the hydrocele fluid, resulting in locu- 
lation and compartmentalization of the hydrocele fluid. 
Low level echoes are seen in the fluid and even a fluid 
debris level. The overall appearance can be mistaken for 
a pyocele or a hematocele. As the condition advances, 
the scrotum acquires an almost tumor-like, thick 
echogenic fibrous band. It may be difficult to distin- 
guish the testis from the surrounding connective tissue 


CT 
| A 


FIGURE 31.17. Lymphangiovarices. Diffusely dilated lymphatic 
vessels in the cord have resulted in “lymphangiovarices.” Spon- 
taneous rupture of these varices can convert a simple hydro- 
cele into a lymphocele. 
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reaction. Small fluid pockets trapped within the septa 
can lead to a tumorous appearance. Focal calcifications 
that represent calcified filarian granulomas are occa- 
sionally seen within the connective tissue mass and at the 
head of the epididymis#3 (Fig. 31.18). In long-standing 
cases, huge extratesticular hypoechoic masses are seen 
that usually contain multiple calcified regions and focal 
anechoic areas and may be encapsulated by a calcified 
capsule. The presence of a calcified capsule around such 
a mass, along with a thickened scrotal wall, strongly sug- 
gests the diagnosis of scrotal filarial elephantiasis.45 


Schistosomiasis 


Schistosomiasis is probably one of the oldest diseases 
known to mankind. Ruffer discovered schistosomal ova 
in the kidneys of mummies dating back to 1090 Bc.48 His- 
torians of medieval Egypt told stories of a disease that 
made the men of Egypt “menstruate like women.” The 
disease is estimated to affect 8% of the world population. 
It has become endemic in most of Africa, the southern 
tips of Europe, Western Asia, and the east coast of Japan. 
Geographic differences in the overall frequency and 
severity of the lesions have been noted. Egypt reports a 
large number of cases.49 The disease can spread to 
nonendemic areas because of the great increase in for- 
eign travel, especially with the ease of air transportation 
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FIGURE 31.18. (A) Oblique scan of the scrotum demonstrates 
diffuse skin and connective tissue hyperplasia secondary to ex- 
uberant fibrous reaction. The left testicle is surrounded 
by fluid with thin septations and fibrous bands (arrows). 
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today. American soldiers posted to these endemic areas 
have often been affected by the disease.50 

Schistosomiasis can occur at any age. Studies have re- 
ported patients ranging from 6 to 70 years of age. Males 
are affected much more commonly than females. There 
are three forms of schistosomal fluke: (1) Schistosoma 
japonicum, which primarily involves the lung and the 
liver; (2) S. mansoni, involving the rectum and the liver; 
and (3) S. haematobium, which involves the urinary tract. 
The definitive host for S. haematobium is humans, and 
the intermediate host is the freshwater snail. Infection is 
contracted by humans when they come in contact with 
infected water. The larval forms of Schistosoma (cer- 
cariae) can penetrate unbroken skin directly. They en- 
ter a peripheral venule or lymphatic ductule and go 
through the right heart to the lungs to the left heart; 
they finally reach the liver via the systemic circulation 
and mature into the adult forms. The adult worms 
travel against the bloodstream and migrate into the infe- 
rior mesenteric vein and thence to the vesical plexus of 
veins. The eggs are laid in the vesical plexus venules in a 
chain of approximately 20, positioned such that their 
spines engage the vessel wall. The eggs enter the blad- 
der wall and then the bladder cavity and escape via 
urine. On gaining access to water, they penetrate the 
soft tissues of the snail. Here they differentiate into cer- 
cariae, which leave the snail and reenter the water to 
start a new cycle.5152 
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(B) Transverse scrotal sonogram demonstrates an atrophic 
right testicle with diffuse thickening of the skin and surround- 
ing connective tissue. As this patient is from an endemic area of 
filariasis, these findings are pathognomonic of filarial scrotum. 
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Pathology 


Schistosomal eggs deposited in body tissues act like for- 
eign proteins and have an irritative effect, leading to the 
formation of a pseudotubercle around each egg (bil- 
harzioma). The nodules are initially composed of 
eosinophils, monocytes, lymphocytes, and giant cells. As 
the disease progresses, the pathology can be divided into 
acute and chronic stages, also designated hyperplastic or 
hypoplastic stages.52 


Acute Stage 


The disease usually starts in the trigone and the base of 
the bladder with submucosal granulomas. The overlying 
epithelium is hyperplastic; and in severe cases a 
pseudopapillary appearance is present. The epithelial 
hyperplasia can extend into the submucosa and produce 
cystitis cystica and ureteritis cystica.9.12 Hyperplastic 
changes are thought to predispose to squamous metapla- 
sia and the development of a squamous cell carci- 
noma.48,51 


Chronic Stage 


The cellular reaction associated with bilharziomas in- 
duces fibrosis with a varying degree of severity. Calcifica- 
tion of the dead ova sets in as the fibrous tissue kills the 
incarcerated organisms. This calcification takes charac- 
teristic forms, described below. Schistosomiasis classi- 
cally involves the bladder and the lower ureters, in con- 
trast to tuberculosis, which initially affects the kidneys 
and then spreads downward via the ureters. 


Carcinoma 


Carcinoma is a common and feared complication of 
schistosomiasis. It tends to occur at an early age, often in 
patients 20-40 years of age, and more commonly in 
men. These squamous cell carcinomas are found on the 
lateral surfaces, posterior wall, and vault of the bladder.9 
The trigone is rarely involved. Multiple tumors are seen 
in 25% of cases. 


Genital Organ Involvement 


The genital organs may be involved by schistosomiasis. 
Granulomatous sclerosis and fibrosis involve the urethra, 
prostate, and seminal vesicles and rarely the epididymis, 
spermatic cords, and testes. Urethral schistosomiasis oc- 
curs as polyps in the fossa navicularis, periurethral ab- 
scesses, and perineal or scrotal fistulas. Urethral stric- 
tures are not common, except in long-standing cases. 
Prostatic involvement by schistosomiasis leads to initial 
enlargement of the gland followed by fibrosis and shrink- 
age. Retention cysts can form, which can get infected and 
lead to abscesses. The seminal vesicles may become en- 
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larged and calcify. The ducts can become dilated and de- 
velop hard, granulomatous masses.48 


Imaging Modalities 
Plain Film 


The classic finding on the plain film is the presence of 
bladder wall calcification.!14 Worldwide, S$. haematobium is 
the commonest cause of bladder wall calcification, an as- 
sociation well known to most radiologists. Urinary blad- 
der wall calcification has relatively few etiologies. The six 
most important causes of bladder wall calcification are 
schistosomiasis, primary carcinoma of the bladder, alka- 
line encrustation cystitis, cyclophosphamide-induced cys- 
titis, tuberculosis, and amyloidosis. A combination of the 
history, clinical examination, appropriate laboratory 
studies, and radiographic imaging of the bladder and 
the urinary tract usually provide the correct diagnosis. 

Four patterns of calcification are recognized with 
schistosomiasis. Umerah5! found the familiar linear rim 
type of calcification in 63%, a wavy linear calcification in 
18%, a homogenous opacity in the bladder in 6%, and a 
“cumulus cloud” appearance in 12%. It was often associ- 
ated with a “tram line” calcification in the lower ureters 
involving the left ureter more commonly than the right 
(Fig. 31.19). With the advent of CT, a higher percentage 
can be expected as even minor degrees of calcification 
can be seen. In a study of 20 patients reported by Jorulf 
and Lindstedt, calcification was seen in all patients on 
CT but in only 13 patients on plain films.49 The degree 
of calcification roughly correlates with the number of 
eggs deposited. The bladder may be so heavily calcified 
it gives the appearance of a cystogram on the plain film. 
The calcification may initially be seen as a linear opacity 
paralleling the pubic bone. With further calcium deposi- 
tion, the classic linear rim type of calcification is seen to 
encircle the bladder in the form of a continuous line. 
Disruption in the continuity of this line indicates squa- 
mous metaplasia in the bladder, a well known complica- 
tion, secondary to the schistosomal irritation.53 With 
time, the calcification becomes wavy, simulating a post- 
micturition film (Fig. 31.20). Massive calcification of the 
trigone, when seen en face, has a diffuse flocculent pat- 
tern that has been likened to a “cumulus cloud.” 


Intravenous Urography 
Bladder 


The commonest finding by intravenous urography is an 
irregular, contracted bladder wall with coarse mucosal 
folds. In some cases large, irregular, polypoidal filling 
defects are seen in the bladder wall that may be due to 
the hyperplastic lesions seen during the early stages of 
the disease or to the development of carcinoma in the 
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FIGURE 31.19. Bilharziasis. (A) Plain film of the pelvis in an 
Egyptian male demonstrating diffuse linear rim-like bladder wall 
calcification secondary to schistosomiasis. (B) Cone-down view 


late stages. Elevation of the base of the bladder, due to 
schistosomal prostatitis, is often seen. Vesical diverticula 
have been reported, and vesical calculi are common. 
Postvoid residue has been reported probably contrib- 
uted to by vesicoureteric reflux.48,50 


Urethra 


The prostatic urethra is usually normal except for occa- 
sional findings of some hypertrophy of the verumon- 
tanum or extravasation of contrast into dilated prostatic 
ducts. The anterior urethra may reveal fistulous tracts 
passing to the perineum. These tracts usually arise from 
the bulbous urethra, which is often irregular and nar- 


FIGURE 31.20. Plain film of the pelvis demonstrates a densely 
calcified urinary bladder. There is also faint calcification of 
both distal ureters (arrows). 
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of the pelvis demonstrates wavy linear calcification of the blad- 
der and distal left ureter in a patient with known schistosomiasis. 
(A: Courtesy of J. Farah, MD. B: Courtesy of H.M. Pollack, MD.) 


rowed. It may be compressed by extrinsic inflammatory 
masses. Long-segment penile urethral strictures and sec- 
ondary urethral calculi may also be seen, viewed as 
radiolucent defects in the contrast-filled urethra. The 
other differential for this type of appearance is the pres- 
ence of urethritis cystica. 


Seminal Vesicles and Ejaculatory Ducts 


Seminal vesicular calcification has been described. Semi- 
nal vesiculography reveals dilated seminal vesicles with 
ill-defined borders. Filling defects may be seen in the 
seminal vesicles due to granulomatous masses. The ejac- 
ulatory ducts are patent and are of normal appearance, 
which differentiates the condition from malignancy, 
where the ejaculatory ducts are stretched, narrowed, and 
obstructed.47 


Ultrasonography 


Sonography is a safe, noninvasive, efficient technique 
for monitoring the disease.!5 Abdel-Wahab et al.,53 in a 
study of 40 patients, compared the relative merits of in- 
travenous urography (IVU) and US. They found that US 
was as sensitive as IVU for detecting bladder masses, re- 
nal stones, and hydronephrosis but less sensitive for de- 
tecting ureteric stones and hydroureter. Bladder stones 
were detected by sonography as well as on the plain film, 
but US was not as sensitive for detecting bladder wall cal- 
cification. Degremont et al.55 reported similar findings. 
In their study of 32 patients 5 cases of bladder calcifica- 
tion were missed, and in 3 cases the “calcification” re- 
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vealed by US was not confirmed on the plain film, sug- 
gesting that it may have been artifactual. 

Bilharzial prostatoseminovesiculitis has been studied 
using transrectal US. Fender et al.56 reported hyper- 
echoic areas associated with marked calcification of the 
ejaculatory ducts. Periurethral irregularity was also 
noted. The seminal vesicles were enlarged and showed 
markedly thickened septa and scattered high density 
echoes. 


Dracunculiasis 


Dracunculiasis, a disease mainly of subcutaneous tissues, 
is caused by the nematode Dracunculus medinensis. It has 
been known since ancient times. Galen gave it the name 
cracontiasis. Avicenna (1000 AD) called it Vena Medina 
as it was common in Medina. The Bible calls it the “fiery 
serpent.” The disease occurs mainly in India, Africa, and 
the Middle East and is also seen in South America. It ap- 
pears to have died out spontaneously in certain coun- 
tries, such as Brazil and the West Indies, and Russia has 
eradicated it. Worldwide, about 20 million people are es- 
timated to be affected by it.57 

The definitive host of the parasite is the human, and 
the intermediate host is the Cyclops. Humans acquire the 
infection by drinking water carrying infected Cyclops, 
which disintegrate in the stomach and release the infec- 
tive larvae. The larvae penetrate the gut wall and enter 
the retroperitoneal connective tissue, where they ma- 
ture. The adult worms travel selectively to the subcuta- 
neous tissues of those areas of the body that come in 
contact with water (i.e., feet, hands, and rarely the scro- 
tum). Here they form a blister that ruptures when the 
skin comes in contact with water to release worms. The 
worms thus reach the water, infect Cyclops, and restart 
the cycle. Guinea worm disease is a totally water-based 
disease and does not have an alternate path of transmis- 
sion.57,58 

All ages and both sexes are susceptible, and repeated 
infections can occur in an individual. The practice of 
washing clothes and utensils and bathing in the same wa- 
ter, as well as using step wells, is important to the spread 
of this infection in India. The larvae develop best at 
25°-30°C and do not develop below 19°C, which ac- 
counts for the disease being limited to tropical coun- 
tries.59 

Anaphylactoid reactions consisting of urticaria and 
vomiting occur, probably due to toxins liberated by the 
worm. If the worm becomes injured while lying in the 
subcutaneous tissue, a severe local reaction with edema 
and cellulitis results owing to the down-growth of staphy- 
lococci from the skin. Epididymitis has been reported. 

The parasite becomes visible only when it undergoes 
calcification after it has died. Although guinea worm cal- 
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cification is commonly encountered in endemic areas, 
scrotal involvement is not as commonly seen. It 1s viewed 
as an elongated or coiled “thread-like” strip of calcium 
density. Both forms are easy to identify and have a char- 
acteristic appearance that enables an easy diagnosis. The 
coiled strip may be difficult to identify if muscle contrac- 
tions crush it into a round, irregular mass. In such in- 
stances another view with better penetration usually re- 
veals a few segments of the coil. In doubtful cases a 
detailed history or characteristic calcification elsewhere 
can identify dracunculiasis as the cause of the calcifica- 
tion. It is usually an incidental finding on plain radio- 
graphs. US may play a role in evaluating guinea worm 
abscesses. 


Rare Tropical Conditions 
Known to Affect the 
Lower Genitourinary Tract 


Leprosy 


Testicular involvement in the form of diffuse orchitis 
may be seen with type II lepra reactions, which are seen 
in lepromatous leprosy. This reaction shows persistence 
of the original lesions along with the appearance of fresh 
lesions, called erythema nodosum leprosy. The patient 
has severe constitutional symptoms.60 The reaction is 
believed to be due to a vasculitis with deposition of 
antigen—antibody complexes. 


Granuloma Inguinale (Donovanosis) 


Donovanosis is a sexually transmitted disease (STD) 
transmitted by Donovania granulomatis. It is known to oc- 
cur in many tropical countries including northern Aus- 
tralia, India, and Guyana. It is estimated that 6-7% of 
STDs in southern India are caused by donovanosis.61 
The disease is seen most frequently in dark-skinned races 
and in the lower socioeconomic strata, probably related 
to poor personal hygiene. 

Donovanosis is usually limited to the vulval, inguinal, 
and perianal regions. Rarely it spreads to involve the 
cervix, uterus, tubes, and other pelvic organs. In a study 
of 351 females in Papua, New Guinea, 10% of patients 
were seen to have cervical involvement. The ages of 
these patients ranged from 13 to 50 years. 

Donovanosis presents as vaginal bleeding, pelvic pain, 
leukorrhea, a pelvic mass, or clinically detectable ulcers. 
The picture is often confused with a cervical malignancy. 
A true association between granuloma inguinale and 
genital carcinoma has not been established. The diagno- 
sis is confirmed by the presence of typical Donovan bod- 
ies in the histiocytes using Giemsa staining.61 
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Although pseudoelephantiasis of the genitals is more 
commonly seen in females, donovanosis has also been 
shown to cause penile enlargement and therefore must 
be considered in the differential diagnosis in endemic 
areas. The exact cause of the enlargement is not known, 
but it is postulated to be due to cicatrizational blocking 
of lymphatic channels.62 


Echinococcosis 


Hydatid disease of the scrotum is rare but should be in- 
cluded as a rare differential diagnosis of scrotal swelling 
in endemic areas. Of the cases reported so far, most have 
been in adults. Affection of children is rarer. The diag- 
nosis is difficult and is usually proved histopathologi- 
cally.63,64 


Yaws 


Known in various countries by different names, such as 
pian, parangi, paru, and buba, the infectious disease 
yaws is caused by Treponema pertenue, a microorganism 
that is not yet well differentiated from Treponema pal- 
lidum. Early detection and treatment with benzathine 
benzylpenicillin can prevent the late-stage destructive 
and irreversible manifestations. The main reservoir of 
infection is in Africa, although cases have also been de- 
tected in Indonesia. The disease is acquired by skin-to- 
skin contact, and therefore an unhygienic environment 
and a lack of protective clothing help in its spread. The 
usual portal of entry is the lower limbs, but later the dis- 
ease can disseminate to involve the genital organs. Geni- 
tal lesions are not common during the early stage of the 
disease except the rare spread by autoinoculation. Ulcer- 
ated papillomatous lesions are seen when yaws involves 
the genitalia.65,66 


Nongonococcal Urethritis 


The two common organisms responsible for causing 
nongonococcal urethritis are Chlamydia trachomatis and 
Ureaplasma urealyticum. Other less common organisms 
postulated are Trichomonas vaginalis, herpes simplex, 
Gardnerella vaginalis, Staphylococcus saprophyticus, and 
Corynebacterium genitalium. C. trachomatis is considered to 
be a pathogen even if symptoms are not present, whereas 
U. urealyticum is found even in normal men and its isola- 
tion without urethritis is not significant. In STD clinics 
as many as 50% of cases are nongonococcal, and it is 
more common in heterosexuals than homosexuals. 
Gonococcal urethritis is more common in homosexuals. 
In student health services, as many as 90% of cases are 
nongonococcal urethritis (NGU). The usual incubation 
period of NGU is 1-5 weeks with a peak at 2-3 weeks af- 
ter sexual intercourse with a likely contact. Typical symp- 
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toms include discharge, dysuria, and meatal itching. 
Manifestations such as frequency, urgency, hematuria, 
perineal pain, and lymphadenopathy are unusual and 
suggest other or concurrent infections. The diagnosis is 
established by cell cultures.67 

Untreated men with NGU are at a small but definite 
risk of developing epididymitis, though the risk is proba- 
bly less than 1%. There is also a small risk of developing 
Reiter syndrome. 


Lymphogranuloma Venereum 


Lymphogranuloma venereum is an STD caused by C. tra- 
chomatis subtypes L1, L2, and L3. The primary lesion is a 
small, painless, genital vesicle that is usually missed by 
the patient. One to three weeks later a suppurating in- 
guinal lymphadenitis (bubo) is seen that can give rise to 
multiple sinuses. The final and dreaded outcomes of the 
disease are elephantiasis of the external genitalia, rectal 
strictures, and fistulas involving the rectum, bladder, or 
vagina. 
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Early Recognition and lreatment 


of Contrast Reactions 


Ana M. Echenique, Wiliam H. Bush Jr., and Marco A. Amendola 


Adverse reactions to intravascular contrast media vary 
from minor, self-limited physiologic disturbances to ma- 
jor, life-threatening events and even death. The best way 
to treat a contrast reaction is prevention, but when an 
adverse reaction ensues the situation must be assessed 
rapidly and appropriate treatment instituted quickly. 
Treatment demands readiness to treat the full spectrum 
of potential reactions and requires the rapid availability 
of appropriately trained personnel, equipment, and 
medications anywhere intravascular contrast is adminis- 
tered. 


Incidence and Background 


The prevalence of adverse reactions after administration 
of iodinated intravascular contrast material is not known 
with certainty, as similar signs and symptoms may be due 
to other medications or other complicating factors. Most 
contrast reactions are mild to moderate and do not re- 
quire treatment. These side effects are reported to occur 
in 5-12% of patients who are administered ionic, high- 
osmolar contrast media (1-3% with low-osmolar con- 
trast media).1-4 Life-threatening contrast reactions are 
rare (0.05-0.10%). Most serious reactions occur during 
the immediate postinjection period (i.e., within 15 min- 
utes).5 Late reactions (>30 minutes after injection but 
within 48 hours) are common (8-27%) but are almost 
always mild: flu-like illness, nausea/vomiting/abdominal 
pain, headache, and parotitis.6 

Systemic absorption of iodinated contrast adminis- 
tered for nonvascular studies such as cystourethrogra- 
phy, gastrointestinal studies, endoscopic retrograde 
cholangiopancreatography, and hysterosalpingography 
has resulted in allergic-like reactions.7-9 In the case of 
cystourethrography (and retrograde pyelography) con- 
trast material can be absorbed across the urothelium in 
amounts sufficient to cause severe anaphylactoid reac- 
tions. In one retrospective review of 783 consecutive 
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voiding cystourethrograms (VCUGs) and retrograde 
pyelograms (RPGs) obtained over 5 years in a single in- 
stitution there were 2 cases of severe anaphylactoid reac- 
tions for an incidence of 0.26%.8 Although the overall 
incidence is low, urologists and radiologists must be 
aware of this possibility and be prepared to recognize 
and treat a reaction should one occur. 

The water-soluble and oil-based contrast media used 
for hysterosalpingography (HSG) have iodine as the ra- 
diopaque substance. Because venous and lymphatic in- 
travasation occur in up to 7% of patients undergoing 
HSG!10 there is a definite potential for idiosyncratic 
allergic-like reactions to the agents, and appropriate 
measures (vide infra) should be taken prior to the exam- 
ination for patients at risk. Not uncommonly, the patient 
develops a vasovagal reaction with hypotension and 
bradycardia requiring administration of atropine and in- 
travenous fluids; this reaction is usually due to the dis- 
comfort of cervical cannulation rather than the contrast 
medium. The incidence of severe allergic reactions to 
HSG appear to be low, with several experienced practi- 
tioners!0,11 claiming no knowledge of fatal reactions re- 
lated to hydrosoluble contrast material. The case of a de- 
layed reaction consisting of urticaria and severe 
hypotension 1 hour after a normal HSG without intrava- 
sation has been reported; this delayed reaction was at- 
tributed to peritoneal absorption of the contrast. There 
have been several reported deaths related to massive 
pulmonary embolization after HSG performed with oil- 
based material (see Chapter 26). Symptoms of oil 
embolization include chest pain, cough, dyspnea, head- 
ache, confusion, and eventually cardiorespiratory failure 
and death. Oil-soluble material should not be used in pa- 
tients with severe respiratory disease or cardiac septal de- 
fects. 

Rare reactions to barium have been reported in the lit- 
erature. They are considered reactions to additives (e.g., 
carrageenan), to otherwise inert barium, or to the latex 
balloon used for enemas.12-15 


32. Early Recognition and Treatment of Contrast Reactions 


As of this writing the only three MRI contrast agents 
approved by the U.S. Food and Drug Administration 
(FDA) for intravenous administration are Magnevist 
(gadopentetate dimeglumine; Berlex Laboratories, 
Wayne, NJ), ProHance (gadoteridol; Bracco Diagnostics; 
Princeton NJ), and Omniscan (gadodiamide; Sanofi 
Winthrop Pharmaceuticals, New York, NY). Another 
agent used internationally is Dotarem (gadoterate meg- 
lumine, Gd-DOTA; Guerbet Laboratories, Aulnay-Sous- 
Bois France). These agents are gadolinium-based with 
similar mechanisms of action, biodistribution, and toxic- 
ity; their main difference is that in Magnevist the chelat- 
ing agent is ionic, whereas in the others it is nonionic. 16 
Rare incidents of laryngospasm, anaphylactoid reac- 
tions, vasovagal reactions, and seizures have been re- 
ported with each of these agents.!7-23 However, their 
safety profile is impressive, especially for Magnevist,17 
the oldest and most widely used of the group, with more 
than 6 million doses administered worldwide. As of June 
1993, there were 13 anaphylactoid reactions to Mag- 
nevist reported, for an estimated reaction rate of 
1:450,000.16 The possibility of a severe reaction should 
always be considered, especially in patients with a history 
of asthma or other allergic respiratory disorder. Physio- 
logic monitoring devices?4 and resuscitation equipment 
should be readily available in the clinical magnetic reso- 
nance (MR) setting for proper treatment of the patient 
who may experience a moderate to severe adverse reac- 
tion to the MR contrast agent. 

The incidence of death as a result of radiographic con- 
trast media administration is unknown. Reported mor- 
tality rates have varied from 1 in 10,00025 to 1 in 
169,000.26 This variation is due to many factors, includ- 
ing patient population (outpatient versus inpatient), use 
of low-osmolar contrast agents (LOCAs) for higher risk 
patients, and improved training of radiologic staff (doc- 
tors, nurses, technologists) (Table 32.1). Death, however, 
does occur even with the use of LOCAs.27 Death due to a 


TABLE 32.1. Indications for the use of LOCAs (ACR) 


Prior documented idiosyncratic reaction to contrast material (with the 
exception of a sensation of heat flushing or vomiting) 

History of significant allergies or bronchial] asthma 

Acute cardiac or cardiovascular instability (e.g., acute myocardial 
infarction, severe arrhythmias, unstable angina, shock) 

Marked limitation of hemodynamic reserve (e.g., significant aortic 
stenosis, CHF, pulmonary hypertension) 

Marked patient anxiety or painful procedures 

Underlying process (e.g., suspected cervicospinal injury) that would 
make minor adverse reactionns possibly harmful 

Generalized severe debilitation—aspiration risk 

Sickle cell anemia 

Patient cannot communicate so risk factors cannot be determined 

Patient requests LOCA 


LOCA = low-osmolar contrast agent; ACR = American College of Ra- 
diology; CHF = congestive heart failure. 
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contrast reaction seems to have more to do with prob- 
lems concerning recognition and treatment of the reac- 
tion than with the type of contrast used; early recogni- 
tion and prompt, appropriate treatment is imperative. 


Recognition and Treatment 


Immediate visual assessment of the patient, combined 
with a quick history, vital signs, and physical findings, 
narrows the diagnosis sufficiently to enable institution of 
appropriate treatment. 

Regardless of the type of contrast reaction, five initial 
steps should always be taken, as they are harmless and of- 
ten essential for improving the patient’s symptoms.28 


l. Release compression devices: Release of abdominal 
compression often eases the patient’s symptoms im- 
mediately.29 

2. Ascertain the patient’s pulse rate: This step helps de- 
termine if there is a vagal component to the adverse 
reaction and gives a rough estimate of the systolic 
blood pressure (the radial pulse is usually palpable 
when systolic blood pressure is about 90 mmHg). 

3. Elevate the patient’s legs: Elevating the patient’s legs 
(45 degrees or more) increases central venous return 
(often as much as 700 ml) and significantly aids those 
experiencing transient hypotension during a contrast 
reaction. The Trendelenberg position has not been 
proved to improve cerebral blood flow.30 

4. Establish intravenous access: Keep the intravenous 
route used for contrast administration available for at 
least 15 minutes after injection in case access is 
needed. 

5. Administer oxygen at 6-10 L/min: Oxygen delivered 
by a nonrebreather mask can greatly improve a pa- 
tient’s oxygen saturation and should be given to all 
patients during a contrast reaction. It is given even in 
patients with severe obstructive pulmonary disease if 
hypoxemia is suspected or if significant respiratory 
distress is developing.3! 


These five steps are instituted during the initial assess- 
ment of the patient and make a significant contribution 
to the successful treatment of the contrast reaction. 

A brief description of specific types of contrast reac- 
tions, including typical patient symptoms and physical 
findings, are detailed below with suggested treatment al- 
gorithms.32,33 


Nausea and vomiting: A common consequence of rapid 
contrast administration. Often self-limited if contrast 
administration is slowed or stopped. 

History: Acute onset of vomiting. 
Treatment: (1) simple: none (self-limited). (2) persistent: 
prochlorperazine (Compazine) 10 mg PO/IM/PR. 
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Hives: Urticarial reaction is the most common anaphy- 
laxis-like reaction to contrast. It is generally preceded 
by pruritus and consists of local wheals and erythema 
involving the skin and subcutaneous tissues exclusively. 
Although most often self-limited, it may be the harbin- 
ger of a more serious reaction to come. 

History: Acute onset of itching and urticaria, previous 
similar episodes. 

Physical examination: Red, raised, itchy wheals that 
blanch under pressure. 

Treatment: (1) Asymptomatic (few hives)—observe until 
resolving. (2) Symptomatic (many)—diphenhydramine 
(Benadryl) 50 mg PO/IM/IV. Note: may worsen hy- 
potension, and patient should not drive home. 


Erythema and angioedema: These dermal reactions are 
more serious, as they have the potential to deteriorate 
into laryngeal edema (angioedema) and generalized 
hypotension (erythema). They involve extensive areas 
of the body surface and extend into the deep subcuta- 
neous tissues. 

History: Asymptomatic or may feel “skin tightness” 
around the face; may have allergic history. 

Physical examination: (1) Diffuse erythema—mottled or 
“sunburn” red skin, pruritus absent, blood pressure 
and pulse initially normal. Note: Risk of orthostatic hy- 
potension. (2) Angioedema—diffuse hives, large areas 
of nonpitting edema around face and airway (laryn- 
geal edema), pulse and pressure initially normal. Note: 
Risk of orthostatic hypotension and laryngeal edema. 
Treatment: (1) Intravenous fluids: as needed for hy- 
potension. (2) Diphenhydramine (Benadryl) 50 mg 
PO/IM/IV. (3) Cimetidine (Tagamet) 300 mg [in 20 
ml normal saline (NS)]| IV or ranitidine (Zantac) 50 
mg (in 20 ml NS) IV. (4) For patients with no cardiac 
history: epinephrine 0.1—0.2 ml (1:1000) SC or IV. For 
angioedema or hypotension: epinephrine (1:10,000) 1 
ml (0.1 mg) IV slowly, repeat as needed. 


Laryngeal edema: Edema and swelling of the larynx and 
pharynx. It may manifest at first as a change in voice 
or trouble swallowing or breathing. 

History: No previous history of similar episode; sudden 
onset difficulty breathing; sensation of choking. 
Physical examination: Hoarse or whispering voice; inspi- 
ratory stridor. 

Treatment: (1) Mild (hoarse, mild distress, normal pres- 
sure)—oxygen 6-10 L/min, intravenous fluids, epi- 
nephrine (1:1000) 0.1-0.2 ml SC. (2) Severe (stridor, 
circulatory collapse)—epinephrine (1:10,000) 1 ml 
(0.1 mg) IV slowly, repeat as needed; hydrocortisone 
(Solu-Cortef) 100 mg IV; call Code if unresponsive to 
initial therapy; consider intubation. 


Bronchospasm: Circulating histamine released during a 
contrast reaction results in bronchial constriction due 
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to contraction of bronchial smooth muscle, causing 
symptoms identical to an asthma attack. 

History: Often has history of previous attacks; sudden 
onset of shortness of breath; wheezing and coughing. 
Physical examination: Patient anxious, sitting up to 
catch his or her breath; initially expiratory wheezing; 
eventually both inspiratory and expiratory wheezing; 
wheezing diminishes as bronchospasm worsens and 
patient is unable to move air. 

Treatment: (1) Mild—oxygen 10 L/min, nonrebreather 
mask; metered-dose inhaler (2—3 inhalations of meta- 
proterenol or albuterol) or nebulizer (albuterol 0.5%, 
0.5 ml in 3 ml of saline through nebulizer for 10 min- 
utes). (2) Moderate—nebulizer (see above) or epi- 
nephrine (1:1000) 0.1-0.2 ml (0.1-0.2 mg) SC if 
blood pressure is normal. (3) Severe—epinephrine 
(1:10,000) 1 ml (0.1 mg) IV slowly over 2-5 minutes, 
repeat if needed; call Code if unresponsive to therapy. 


Pulmonary edema: Patients with pulmonary edema are 


usually anxious and short of breath. Edema occurs sec- 
ondary to leakage of fluid into the interstitium and 
alveolar spaces. These patients often do not respond 
quickly, and so early treatment and early transfer to an 
intensive care setting [emergency room (ER) or inten- 
sive care unit (ICU) | is recommended for this contrast 
reaction. 

History: Slow onset of chest tightness and shortness of 
breath; increasing feeling of anxiety. 

Physical examination: Patient uncomfortable, sitting up; 
pulse is rapid (may be irregular); increasing anxiety 
and patient diaphoretic; rapid respiration with basilar 
crackles and wheezes; late sign: pink frothy sputum 
(alveolar edema). 

Treatment: (1) Elevate head of bed to sitting position. 
(2) Oxygen 6-10 L/min. (3) Intravenous (IV) access 
(IV line used for contrast should still be in). (4) Furo- 
semide (Lasix) 40 mg IV slowly. (5) Morphine sulfate 
1-3 mg IV slowly, may repeat q5—10min as needed; an- 
tidote: naloxone (Narcan). (6) Hydrocortisone (Solu- 
Cortef) 100 mg IV slowly. (7) Call Code and transfer 
immediately to ER or ICU. 


Hypertensive crisis: A rare consequence of contrast ad- 


ministration. The diastolic blood pressure is elevated 
to more than 120 mmHg. The patient may experience 
headache or, if severe, undergo a mental status change 
(obtundation, confusion, or even convulsions). 
History: Sudden onset headache or mental status 
change; nausea, vomiting, seizures, neurologic deficits. 
Physical examination: Blood pressure more than 120 
mmHg diastolic; bounding pulse. 

Treatment: (1) Oxygen 6-10 L/min. (2) Intravenous flu- 
ids at slow rate. (3) Nitroglycerin 0.4 mg sublingual, re- 
peat qomin. (4) Nifedipine (Procardia) 10 mg capsule 
punctured and dripped sublingually. Consider electro- 
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cardiography. (5) Labetolol 5-10 mg IV slowly, repeat 
with 20-40 mg ql0min to maximum dose of 300 mg. 
(6) Phentolamine (if suspected pheochromocytoma) 5 
mg IV slowly. (7) Furosemide (Lasix) 40 mg IV slowly. 
(8) Call Code if above fails or response is slow. 


Angina pectoris: Squeezing chest pressure due to myo- 
cardial ischemia. 

History: Usually a history of cardiac disease and angina; 
squeezing discomfort behind sternum, shoulders. 
Physical examination: Diaphoresis; pulse, rhythm, and 
blood pressure usually normal. 

Treatment: (1) Oxygen 6-10 L/min. (2) Intravenous 
access. (3) Nitroglycerin 0.4 mg sublingual, repeat 
qomin. (4) Morphine sulfate 1-3 mg IV slowly. 


Autonomic dysreflexia: Not an adverse reaction to contrast 
in the classic sense but seen during certain contrast stud- 
ies where, most commonly, abdominal compression or 
bladder distention is employed. This syndrome occurs in 
patients with spinal cord injuries above T6 and is due to 
a noxious stimulus resulting in unopposed sympathetic 
output and, in turn, paroxysmal hypertension, sweating, 
headache, and bradycardia. Possible complications (of 
the hypertension) include retinal, subarachnoid, intra- 
cerebral hemorrhage; seizures; and even death.29 A pre- 
medication regimen of nifedipine (10 mg capsule) 
pierced and dripped sublingually 30 minutes before the 
radiographic examination has been found to be effec- 
tive in reducing the occurrence of this syndrome.#4 
History: Spinal cord injury above level of T6; previous 
similar episodes; sudden onset of headache, flushing, 
and diaphoresis (above level of spinal cord lesion). 
Physical examination: Severe hypertension, bradycardia; 
flushing and diaphoresis above level of injury; pallor 
below level of injury. If severe, mental status change, 
seizures, even death. 

Treatment: (1) Remove the stimulus (release abdomi- 
nal compression, empty bladder) immediately; may 
need to remove catheter. (2) Elevate head of bed. (3) 
Nifedipine (Procardia) 10 mg capsule punctured and 
dripped sublingually. (4) Labetolol 5-10 mg IV slowly, 
repeat with 20-40 mg ql0min to maximum dose of 
300 mg. (5) Hydralazine 0.5 ml (10 mg) IV qlmin (4 
doses maximum); check blood pressure frequently. 


Vasovagal reaction: This adverse reaction is classically 
seen in young or middle-aged patients. The patients 
are often anxious before the examination, which is 
thought to increase vagal tone and lead to peripheral 
vasodilatation and bradycardia. 

History: Light-headedness, nausea, diaphoresis. 
Physical examination: Low blood pressure; bradycardia 
(<60 bpm); consciousness may fade. 

Treatment: (1) Oxygen 6-10 L/min. (2) Intravenous 
fluids, rapid bolus. (3) Elevate patient’s legs. (4) At- 
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ropine 0.8-1.0 mg IV slowly, repeat every 3-5 minutes 
to 3 mg total for refractory bradycardia. (5) Call Code 
if no response to therapy. 


Hypotension and tachycardia: This reaction is serious, of- 


ten leading to vascular collapse. It is secondary to pe- 
ripheral vascular dilatation. The most important prior- 
ity is to restore central blood pressure. Hypotension 
without bradycardia or other signs of anaphylaxis 
(hives, erythema) is best treated initially with intra- 
venous fluids, not pressor drugs.30 

History: Acute change in mental status; may have other 
signs (hives, erythema). 

Physical examination: Hypotension; tachycardia (>100 
bpm); pulse weak or impalpable. 

Treatment: (1) Oxygen 10 L/min. (2) Elevate patient’s 
legs. (3) Intravenous fluids, rapid bolus and rapid 
drip. (4) Call Code if no response. (5) Consider vaso- 
pressors (e.g., dopamine). 


Seizures: If the cause of the patient’s seizures is hypoten- 


sion, no treatment is needed other than correction of 
the hypotension. Other seizures, however, are sec- 
ondary to underlying brain pathology, which triggers 
abnormal activity when contrast is administered. Most 
seizures are transient, and only supportive measures 
are necessary. 

History: Usually none, may have had earlier seizures. 
Physical examination: Acute change in mental status; 
generalized or focal abnormal body movements. 
Treatment: (1) Turn patient on side to prevent aspira- 
tion. (2) Oxygen 6-10 L/min. (3) Maintain intra- 
venous access. (4) Lorazepam (Ativan) 2 mg IV q5min 
to total of 0.2 mg/kg if prolonged or Diazepam (Val- 
ium) 5 mg IV. 


Anxiety reaction: These patients present with severe anx- 


iety and may be sitting up, short of breath, clutching at 
their neck or chest. Physical signs are absent; the lungs 
are clear, oxygenation is normal, and no evidence of 
anaphylaxis (e.g., hives) is present. It must be kept in 
mind that this diagnosis is one of exclusion and that all 
other contrast reactions must be ruled out before this 
diagnosis is considered. 

History: Heart “fluttering”; may not help with evalua- 
tion; subjective feeling of chest tightness. 

Physical examination: Vital signs normal or slightly ele- 
vated. 

Treatment: (1) Reassurance. (2) Monitor vital signs 
closely. (3) Reexamine to rule out cutaneous signs of 
anaphylaxis. (4) Midazolam (Versed) 1-2 mg IV if se- 
vere. (5) Rebreathing into a bag may be necessary for 
hyperventilation. 


Hypoglycemia: It may manifest in patients kept NPO 


(nothing by mouth) for examinations. 
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History: Often diabetes; patient feels weak, dizzy, di- 
aphoretic. 

Physical examination: Normal. 

Treatment: (1) Oxygen 6-10 L/min. (2) Intravenous 
fluids, 5% dextrose in water. (3) Orange juice or milk 
if awake. (4) Dextrose 50%; 30-50 ml IV push if se- 
vere, repeat as needed. (5) Recheck glucose level and 
monitor vital signs. 


Cardiac arrest: Defined as an unconscious patient with 
no pulse or blood pressure. A Code should be called 
and cardiopulmonary resuscitation (CPR) started im- 
mediately. 


Contrast extravasation: Serious extravasation injuries 
from contrast injection are rare but are increasing in 
frequency because of dynamic bolus administration 
for computed tomography (CT) scans. Even a small 
volume (10 ml) can result in significant tissue dam- 
age.35 No treatment has proved effective in signifi- 
cantly reducing the amount of damage to the skin and 
subcutaneous tissues.36 The following supportive mea- 
sures are advocated. 

History: Pain, swelling, and erythema at intravenous ac- 
cess site after injection. 

Physical examination: Tender, indurated, erythematous 
area at intravenous access site. 

Treatment: (1) Immediately stop infusion. (2) Elevate 
the extremity. (3) Apply local cool or cold pack. 
(4) Apply light occlusive dressing. (5) Heat after 12 
hours. (6) Close follow-up by radiologist and clinician. 


Premedication 


As noted above, the best treatment for a contrast reac- 
tion is prevention. A careful history can identify patients 
at high risk from contrast examinations (i.e., renal fail- 
ure, previous near-fatal reaction, active asthma, cardio- 
vascular instability). 

Premedication with corticosteroids prior to the con- 
trast examination decreases the incidence of adverse re- 
actions.37-40 Two pretreatment protocols are widely ac- 
cepted and are most useful in “high risk” patients (Table 


32.2). 


TABLE 32.2. Premedication options 


Prednisone: 50 mg PO q6h X 3 doses (e.g., 13, 7, 1 hour before 
contrast) 
Diphenhydramine: 50 mg PO or IM 1 hour before contrast 
Low-osmolar contrast (essential) 

or 
Methylpredisolone (Medrol): 32 mg PO 12 and 2 hours before 
contrast 
Low-osmolar contrast (essential) 
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1. Lasser protocol 
a. Methylprednisolone (Medrol) 32 mg PO 12 hours 
and 2 hours prior to contrast administration. 
b. Low-osmolar contrast agent for the study. 
c. This protocol was found to decrease the rate of 
contrast reactions to 2% in the study population 
(5% reaction rate in the low risk placebo group).37 
2. Greenberger protocol 
a. Prednisone 50 mg PO q6h for 3 doses (13, 7, and 1 
hour prior to contrast medium). 
b. Diphenhydramine (Benadryl) 50 mg PO/IM 1 
hour prior to the study. 
c. Ephedrine 25 mg PO (patients without a cardiac 
history) 1 hour prior to contrast medium. 
d. Low-osmolar contrast agent for the study. 
e. This protocol has been found to reduce the rate of 


repeated reactions to 3.1% from an estimated 
17-35% .39 


Metformin 


Concern has been raised about the concomitant use of 
metformin (Glucophage®), a biguanide oral antihyper- 
glycemic agent used to treat patients with non-insulin- 
dependent diabetes mellitus (NIDDM), and the adminis- 
tration of iodinated contrast material due to the poten- 
tial for development of meformin-associated lactic acido- 
sis. Metformin-associated lactic acidosis is estimated to 
occur with an incidence of 0 to 0.84 cases per 1000 pa- 


tient years and in almost all reported cases, lactic acido- 


sis occurred because one or more drug contraindica- 
tions were overlooked. Metformin causes increased 
lactic acid production by the intestine and any factors 
that decrease drug excretion or increase blood lactate 
levels may predispose a pateint to lactic acidosis. Thus re- 
nal insufficiency, liver dysfunction, alcohol abuse, and 
increased anaerobic metabolism are contraindications to 
the use of metformin. In thoery then, iodinated contrast 
agents are not an independent risk factor but are of con- 
cern only in the presence of underlying renal insuffi- 
ciency. Of metformin-associated lactic acidosis cases 
worldwide between 1968 and 1971, 7 of 110 cases re- 
ceived iodinated contrast prior to the development of 
lactic acidosis. The Committee on Drugs and Contrast 
Media of the American College of Radiology has made 
the following recommendations: Optimally, the drug 
should be withheld 48 hours prior and after administra- 
tion of iodinated contrast media and should be restarted 
only after renal function has been reevaluated and 
found to be normal. For a more urgent contrast study, a 
serum creatinine level should be obtained, and, if renal 
function is determined to be normal. the study may be 
performed without waiting 48 hours. Please note that 
the metformin should be stopped and held for 48 hours 
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TABLE 32.3. Treatment of contrast reactions: adults 


Reaction 


Nausea/vomiting 
Mild 
Persistent 


Hives 


Asymptomatic 
Symptomatic 


Diffuse erythema/angioedema 
In addition to Benadryl 


If unresponsive to H; and Ho 


Laryngeal edema 


If unresponsive to treatment, 
CALL CODE 


Bronchospasm (isolated) 
Mild 


Moderate to severe (add to above) 


Anaphylaxis-like reaction 


H; or H_blockers may exacerbate 
hypotension 


If unresponsive to treatment, 
CALL CODE 


Hypotension ( tachycardia) 


If no response to above, consider 
epinephrine; then CALL CODE 


Vagal reaction (hypotension and bradycardia) 


Angina 


If unremiting, CALL CODE 


Medication 


No treatment 
Prochlorperazine (Compazine) 


None 
Diphenhydramine (Benadryl) 
Start IV infusion 


IV fluids 

Cimetidine 

Ranitidine 

Epinephrine SC 1:1000 
Epinephrine IV 1:10,000 
Hydrocortisone (Solu-Cortef) 


Oxygen 

Start IV in 

Epinephrine IV 1:10,000 
Hydrocortsione (Solu-Cortef) 


Oxygen 

(Bo-Agonist inhaler (Alupent, 
Proventil, terbutaline) 

IV access 

Epineprine: SC 1:1000 
Epinephrine: IV 1:10,000 


Oxygen 

Start IV infusion 

Elevate patient’s legs if BP low 

Suction as needed 

Epinephrine SC 1:1000 

Epinephrine IV 1:10,000 

Avoid epinephrine for patients taking 
B-Adrenergic blockers 


Diphenhydramine 


Cimetidine 

Ranitidine 

B.-Agonist inhaler (Alupent, 
Proventil, terbutaline) 

Hydrocortisone (Solu-Cortef) 


Oxygen 

Start IV infusion 

Elevate patient’s legs 
Epineprhine IV 1:10,000 


Oxygen 

Start IV infusion 
Elevate patient’s legs 
Atropine (IV) 


Oxygen 

Start IV infusion 
Nitroglycerin 
Morphine 


Dose 


Monitor patient 
10 mg PO/IM/PR 


Observe until resolving 
50 mg IM or IV (no driving if outpatient) 


Normal saline 1-2 liters 

300 mg dil to 20 ml slowly IV 
50 mg dil to 20 ml slowly IV 
0.1-0.2 ml (0.1-0.2 mg) 

1 ml (0.1 mg) IV slowly 

IV: 100-200 mg in 100 cc NS 


6-10 L/min 


1 ml (0.1 mg) IV, slowly, repeat prn 
IV: 100-200 mg in 100 ml NS 


6-10 L/min 
2-3 deep inhalations 


0.1-0.2 ml (0.1-0.2 mg) 
1 ml (0.1 mg) IV, slowly 


6-10 mL/min 
NS or Ringer’s, 1—2 liters fast 


0.1-0.2 ml (0.1-0.2 mg) 
1 ml (0.1 mg) IV, slowly 
Alternative drug Rx: isoproterenol 1:5000 
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(0.2 mg/ml) IV, 1 ml dil to 10 ml with NS; 1.0 


ml doses (20 yg) 
50 mg IV 


300 mg dil to 20 ml slowly IV 
50 mg dil to 20 ml slowly IV 
2-3 Deep inhalations 


IV 100-200 mg in 100 ml NS 


6-10 L/min 
NS or Ringer’s, 1—2 liters fast 


IV, 1-3 ml, slowly (repeat up to 10 ml) 


6-10 L/min 
NS or Ringer’s, 1—2 liters fast 


0.8-1.0 mg IV slowly, repeat every 3—5 min to 
3 mg total 


6-10 L/min 

TKO 

0.4 mg, sublingual, may repeat q5min X2 
2 mg IV 
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TABLE 32.3. continued 


Reaction 


Pulmonary edema 
If unresponsive, CALL CODE 


Hypertensive crisis (diastolic BP > 120 mm Hg) 


If unresponsive, CALL CODE 


If suspected pheochromocytoma 


Seizures 
Mild 
Severe (prolonged) 


Diabetic hypoglycemia 
Mild 
Severe 


Rigors 
Usually self-limited 


Autonomic dysreflexia 


Anxiety reaction 
Mild 
Severe 


Extravasion of contrast infusion 


Premedication 
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Medication 


Oxygen 

Start IV infusion 
Elevate head of bed 
Furosemide (Lasix) IV 
Morphine IV 


Hydrocortisone (Solu-Cortef) 


Oxygen 

Start IV infusion 
Furosemide (Lasix) IV 
Nitroglycerin 
Nifedipine (Procardia) 


Labetolol 


Phentolamine (Regitine) 


Oxygen (6-10 L), IV access, observe 


Lorazepam (Ativan) 
Diazepam (Valium) IV 


Oxygen and start IV infusion 
Orange juice or milk if awake 
Dextrose 50% 


Keep patient warm and safe 
“Anecdotal” treatment regimen 


Monitor patient 
Nifedipine 


Labetolol 


Hydralazine 
Nifedipine 


No Rx; reassure patient and monitor 


Midazolam (Versed) IV 


Stop infusion 


File incident report and notify team 


Elevate extremity 


Apply cool compresses (warm after 120 hr) 


Admit if serious 


Follow-up exam or contact necessary 


Methylprednisolone (Medrol) 

Low osmolar contrast (essential) 
or 

Prednisone 

Diphenhydramine 

Low osmolar contrast (essential) 


Dose 


6-10 L/min 
TKO 


40 mg IV slowly 

1-3 mg IV, repeat q5-10 min as indicated. Have 
naloxone (Narcan) available (0.4-2 mg IV) 

IV: 100-200 mg in 100 ml NS 


6-10 L/min 

TKO 

40 mg IV slowly 

0.4 mg, sublingually; may repeat q5min 

Pierce end of 10 mg capsule wit needle and slowly 
drip liquid sublingually 

5-10 mg IV slowly, repeat with 20-40 mg q10min 
to max dose 300 mg 

5 mg IV slowly 


Turn patient on side to avoid aspiration 
2 mg IV q5min to total of 0.2 mg/kg 
5.0 mg IV 


6-10 L/min Og and D; W for IV 
Monitor vitals 
30-50 ml IV push, repeat prn 


Tylenol 325 mg PO 
Demerol 25 mg IM 


If BP continues to rise: Stop study and drain bladder 

Pierce end of 10 mg capsule with needle and slowly 
drip liquid sublingually 

5-10 mg IV slowly, repeat with 20-40 mg q10min 
to max dose 300 mg 

0.5 ml (10 mg) IV. per min (X4 max); check BP 

10 mg SL 30 min before exam 


1-2 mg IV (only if necessary) 


32 mg PO 12 and 2 hr prior to exam 


50 mg PO q6 has X3 doses (13, 7, 1 hr prior to exam) 
50 mg PO or IM 1 hr before contrast 


NS = normal saline; dil = diluted; BP = blood pressure; TKO = To keep open; prn = as needed; max = maximum; SL = sublingually 
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after the study and not reinstituted until the renal func- 
tion is found to be normal. In addition, the patient 
should be well hydrated, receive a low osmolar contrast 
agent, and renal function should be closely monitored.41! 


Conclusions 


The most important steps in treating a contrast reaction 
are to call for assistance and quickly assess the patient so 
the appropriate treatment regimen is instituted as 
rapidly as possible. It seems clear that the earlier a reac- 
tion is recognized and treated the better is the outcome. 
Basic initial steps should be taken. Often releasing ab- 
dominal compression, administering oxygen and intra- 
venous fluids, and simply elevating the patient’s legs is all 
that is needed to halt an adverse reaction to contrast 
medium. If these measures fail, appropriate pharmaco- 
logic therapy is instituted (Table 32.3). 

The most important aspect of contrast reaction man- 
agement is prevention through judicious use of radio- 
logic examinations and premedication and use of low- 
osmolar contrast agents for patients “at risk.” 
Preparation of the involved personnel (radiologists, 
nurses, technicians) along with immediate availability of 
equipment (contrast reaction treatment box, code cart, 
oxygen, suction) is a prerequisite for any area where 
contrast is administered. Finally, immediate access to 
the Code team is necessary in case the contrast reaction 
progresses to the level of Advanced Cardiac Life Sup- 
port. 
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ABCD staging system, 201 
Abdominal pain, 44, 119 
seminal vesicle cysts and, 191 
Abdominoperineal resection 
motor paralytic bladder and, 89, 96 
Abscess 
epididymal, 256-258, 328 
formation after cryosurgical ablation, 
487 
pelvic, 66 
periurethral gland, 380 
prostatic, 185-186 
scrotal, 259-260, 282, 305 
seminal vesicle, 192 
testicular, 256-258, 269 
tuboovarian, 474 
urethral, 380, 383 
Absent testes, see undescended testicles 
Acetylcholine, erection and, 510-511 
Acoustic intensity of ultrasound, 6 
Acute scrotum, 262, 264, 266, 273 
Adenocarcinoma 
of bladder, 42, 129 
of bladder diverticulum, 46 
of colon, 442 
cribriform, of prostate, 216 
of distal urethral, 387 
Littre’s gland and, 383 
mucinous prostatic, 232 
of prostate, 130, 195, 213, 216, 223- 
248 
of rete testes, 305-306 
of seminal vesicle, 193 
urachal, 44 
urethral, 383 
of urinary bladder, 138 
Adenomatoid tumor, 314 
magnetic resonance imaging of, 326 
Adenomatous hypertrophy, see Benign 
prostatic hyperplasia 
Adenosine triphosphate (ATP), sperma- 
togenesis and, 331 


Adenosis 
fallopian tube, 470 
intrauterine, tuberculous disease and, 
533 
peritubal, fallopian tube catheteriza- 
tion and, 504 
vaginal, 424-425 
Adrenal cortical hyperplasia, 302 
Adrenal neoplasm, 33 
Adrenal rests, magnetic resonance im- 
aging of, 326 
Adrenocorticotropic hormone (ACTH), 
326 
adrenogenital syndrome and, 304-305 
Adrenogenital syndrome, 326 
Advanced Surgical Intervention titan 
stent, 370 
Aedes aegypti, 537 
Aerobater aerogenes, 59 
Age and radiosensitivity, 9 
Agenesis 
anterior meatal, 345 
bladder, 41 
renal, 191, 345 
urethral, 345 
vaginal, 418 
Alcohol, infertility and, 439 
Alcoholism, Fournier’s gangrene and, 
258 
Aldosterone, 30 
Alfuzosin, 370 
Allergic respiratory disorder, 547; see also 
Contrast media; Iodine allergy, 
severe reaction to contrast media 
and 
Allopurinol, 439 
Alpha-Adrenergic overactivity, causing 
narrow bladder neck, 362 
Alpha-Blocker(s), 368-370 
autonomic dysreflexia and, 364 
Alpha-Fetoprotein (AFP), as marker for 
testicular cancer, 294 


Ambiguous genitalia, 25-24, 303, 304 
causes of, 30-31 
clinical evaluation of, 29 
defined, 25 
embryology of, 25-29 
imaging of, 31-34 
laboratory studies of, 30 
magnetic resonance imaging in pa- 
tients with, 419 
Amenorrhea, 461, 474 
American Cancer Association, 197 
American Fertility Society, 505 
American Joint Committee for Cancer 
Staging and End Result Report- 
ing (AJC), 130 
American Joint Committee on Cancer, 
staging system for testicular can- 
cer developed by, 311-312 
American Medical Systems Ambicor pe- 
nile prostheses, 398 
American Medical Systems 600 malle- 
able prostheses, 391-392 
American Medical Systems 800 implant- 
able prosthetic, 111 
American Medical Systems Ultrex penile 
prostheses, 393 
American Medical Systems Ultrex Plus 
penile prostheses, 394 
American Medical Systems Urolume, 
370 
American Urological Association, 197 
Amyloidosis, 50, 192-193 
seminal vesicle tumor invasion and, 
192-193 
Anal atresia (high) with anourethral fis- 
tula, 348 
Anaphylactoid reactions, contrast agents 
and, 547 
Anatomic capsule of prostate, 226- 
227 
Adrenogenital syndrome (AGS), testic- 
ular tumors of, 304-305 
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Androgen ablation therapy (AAT), as 
treatment option for prostate can- 
cer, 479, 481 
Androgen blockage, 198, 203 
Androgen receptors, male pseudoher- 
maphrodite and impaired, 31 
Androgens, testicular descent and, 240 
Anemia, metastasis of prostate carci- 
noma and, 197 
Aneurysm clips, cerebral, 23 
Aneurysms, bilateral iliac artery, 66 
Angina pectoris, as response to contrast 
media, 549 
Angioedema, as reaction to contrast ma- 
terial, 548 
Angiographic evaluation 
of arteriogenic impotence, 513-515 
of venogenic impotence, 515-519 
Angiography, penile, 508-523 
Angioplasty 
percutaneous transluminal, 519-520 
percutaneous transluminal, as alterna- 
tive to surgical revascularization, 
920 
stenosis of common iliac and internal 
iliac artery and, 519 
Anopheles funestus, 537 
Anopheles gambia, 537 
Anorchia, see Undescended testes 
Anosmia, infertility and, 439 
Anterior displacement of bladder, 71-73 
causes of, 73 
Anterior meatal agenesis 
megalourethra differentiated from, 
345 
Anterior urethral injuries, 120-122 
Anterior urethral valves, 340-344 
classification of, 341 
clinical presentation of, 341 
diagnosis of, 341-342 
embryology of, 341 
management of, 342-344 
Anticholinergics, 110 
Antiestrogen therapy, 196 
Anus, imperforated, 248 
Anxiety reaction, as response to contrast 
media, 549, 552 
Aortoiliac lesions, erectile dysfunction 
and, 514 
Aortoiliac occlusive disease, 403 
impotence due to, 514 
Aortoiliac reconstructive surgery, erectile 
dysfunction and, 514 
Appendicular torsion, 273-274 
Appendicitis, testicular torsion and, 273 
Arterial bypass, 390 
Arterial bypass surgery, indications for 
microvascular, 520 
Arterial disease, penile arteriography 
and, 512 


Arterial obstruction, posttraumatic, 515 
Arterial vasodilation, penile, 407-408 
Arteriographic technique, for evaluating 
arteriogenic impotence, 513 
Artificial sweeteners, bladder cancer 
and, 129 
Artificial urinary sphincter (AUS), 111- 
113, 367-368 
Arteriosclerosis, hematocele and, 279 
Aspermia, 438; see also Female infertility, 
Infertility, Male infertility 
Asthenospermia, defined, 441 
Asthma 
bronchial, 50 
severe reaction to contrast media and, 
547 
Atherosclerosis, 515-519 
of internal pudendal and penile arter- 
ies, 514 
Atherosclerotic risk factors, arteriogenic 
impotence and, 514 
Atrophic testes, 243, 258, 296, 312, 328, 
403 
Atypical adenomatous hyperplasia, 227 
Autonomic dysreflexia, 97-98 
as response to contrast media, 549, 552 
Autonomous neurogenic bladder, 88 
Autosomal recessive traits, deficiencies in 
steroid formation and, 31 
Azoospermia, 188, 246, 438-439, 455- 
457; see also Infertility 
defined, 441 
Azotemia, 340 
Azzopardi scars, 308 


Bacterial epididymoorchitis, 258 
Balloon dilation, urethral stricture treat- 
ment with, 378 
Bandwidth, magnetic resonance imaging 
and, 22 
Barium; see also Contrast media 
enema, 63 
enema, fistula demonstration with, 61 
reactions to, 546 
Barrington’s area, 84 
Bartholin’s gland cysts, 419-420 
Bathine test for detrusor hyperreflexia, 
86 
Bell clapper deformity, 262-264, 327- 
329 
Benign hypoechoic lesions, 216; see also 
Benign prostatic hyperplasia 
(BPH) 
Benign prostatic hyperplasia (BPH), 
177-193, 196-197, 206, 212, 216, 
221, 226 
bladder outlet obstruction and, 177- 
178 
clinical manifestations of, 177-178 
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digital rectal exam for, 368 
etiology and pathogenesis of, 177 
incidence of, 177 
laser treatment of, 372, 498-500 
narrowing of prostatic urethra and, 
368-370 
nodules, 232 
radiologic evaluation of, 178-180 
stromal, 227 
treatment options for, 370-372 
ultrasonography of, 180-182 
Benign prostatic hypertrophy (BPH), 107 
Benign stricture, narrowing of prostatic 
urethra and, 368 
Benign vaginal neoplasms, 424 
Bergonie and Tribondeau, law of, 9 
Bethanechol supersensitivity test, 89 
Bilharzial prostatoseminovesiculitis, 542 
Bilharziasis, 541 
Bilobar enlargement, 368 
Biofeedback, spastic periurethral striated 
sphincter syndrome causing stress 
incontinence and, 387 
Bioinjectables, 110 
Biomarkers; see also Tumor markers 
alpha-fetoprotein as marker for testicu- 
lar cancer, 294 
carcinoembryonic antigen, 298, 314 
testicular neoplasms and, 313-314 
Bladder; see also Bladder calculi, Bladder 
cancer, Bladder diverticuli, Blad- 
der neck, Bladder outlet obstruc- 
tion, Bladder position abnormali- 
ties, Bladder size abnormalities, 
Bladder trauma, Bladder wall, 
Congenital abnormalities of blad- 
der, Intramural filling defects in 
bladder, Neurogenic bladder dys- 
function 
air in, 35, 57-61 
anatomic definitions of, 81 
anterior displacement of, 73 
biopsy, invasive transitional cell carci- 
noma monitoring with, 135 
Christmas tree, 94 
computed tomography of, 39-41, 159- 
174 
congenital abnormalities of, 41-47 
contracted, 168 
contractions, precipitous, 374 
contusion, 117 
dwarf, 41 
dysfunction, 87-89, 107, 119 
dysfunction, classification of, 87-89 
echogenic densities of the bladder, 49 
encroachment, from iliopsoas muscles, 
66 
enlargement, 68 
extrophy of, 48, 56 
fibrotic, 172 
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flaccid, 93 

gas forming in, 35, 57-61 

herniation, 70, 282-283 

hourglass, 41 

hypermobility, stress urinary inconti- 
nence confirmed by, 100-104 

hypertrophied neck of and posterior 
urethral valves, 335 

hypoplastic, 41 

infection, chronic, 129 

inflammation, bladder cancer and, 
129 

intravenous urography of schistosomi- 
asis infected, 540-541 

large, associated with Eagle-Barret 
syndrome, 43 

large capacity, 75 

large hypotonic, 107 

large, neuromuscular dysfunctional, 
75 

large with persistent urachus, 43 

metastases to, 159 

miscellaneous conditions of, 75 

motor paralytic, 96 

mural defects, 47 

musculature of, 80 

pear shaped, 117 

pine tree, 94 

postsurgical changes of, 66-70 

preservation, bladder cancer and, 134 

ruptures, 115-120 

saving treatment, 151 

sensory paralytic, 94 

size abnormalities of, 74-75 

small capacity, 74-75, 115 

spastic, 93 

tapping, 93 

teardrop, 65 

thimble, 528-529 

trabeculation, 336 

trauma, 115-119 

tuberculosis of the, 528-530 

uninhibited, 93-94 

unstable, 93 

Bladder calculi, 97, 129, 178; see also Cal- 
culi 

causing intramural filling defects, 54 

children with, 56 

differentiated from blood clots, 48 

jack-stone configuration and, 55-56 

Middle or Far East children and, 55- 
56 

migrant, 55-56 

primary, 55-56 

secondary, 55 

Bladder cancer, 163-166, 193; see also 
Bladder tumors, Carcinoma 

bladder hernia suggesting, 282 

bladder inflammation and, 129 

chemotherapy and, 133-134, 172 


chronic bladder infection and, 129 

computed tomography findings of, 
166-173 

depth evaluation of with magnetic res- 
onance imaging, 51-52 

diagnosis of, 130-131 

enterovesical fistula caused by, 61 

epidemiology of, 129 

etiology of, 164 

follow-up treatment and, 134 

genetic propensity to develop, 164 

invasive transitional cell, 132-134 

pathology of, 129, 164 

posttreatment evaluation for, 172 

presentation of, 130 

presenting features of, 164 

squamous cell, 46, 129, 138 

staging of, 151-154, 165-173 

staging systems for, 130 

treatment options for, 164 

treatment of superficial transitional 


cell, 131-132 


Bladder diverticula, 44-47, 149, 162, 


179 

calculogenesis and, 56 

causing narrowing of prostatic ure- 
thra, 368 

cystectomy and, 132 

formation, 88, 94 

formation, posterior urethral valves 
and, 336 

megalourethra and, 345 

neoplasms of, 47 

paraplegic patients and, 47 


Bladder neck 


absence of, 366-368, 370 

anatomy of, 352 

diameter of normal, 362 

dyssynergia, 362-364, 367 

etiology of posterior ledge at, 369 

hypertrophied, and posterior urethral 
valves, 335 

infertility and operative correction of, 
437 

laser incision of, 495-496, 499 

ledge, 365-366, 369 

narrow, 362-366 

obstruction, 374 

posterior ledge at, 374 

widening of, 366 


Bladder outlet obstruction, 56, 74, 94, 


105-107, 179 


benign prostatic hyperplasia and, 177- 


178 
causes of male, 178 
classification of, 107 
gas in bladder and, 59 
laser treatment and, 498-500 
prostate carcinoma and, 197 
urethral polyps and, 347 


Bladder position abnormalities, 70-74 
anterior displacement of, 71-73 
hernia of, 70 
inferior displacement of, 73-74 
lateral displacement of, 70-71 
posterior displacement of, 74 
upward displacement of, 71-72 

Bladder prolapse, see Cystocele 

Bladder shape abnormalities, 65-70; see 

also Bladder, Bladder position ab- 
normalities 
pear-shaped bladder, 65-67 
postsurgical changes and, 66-70 
teardrop bladder, 65 

Bladder stones, see Bladder calculi 

Bladder trauma, 115-119 
findings and management of, 117-119 
imaging modalities for, 116-117 

Bladder tumor(s); see also Bladder cancer, 

Carcinoma 

accuracy of computed tomography in 
staging of primary, 171 

benign tumors of, 75 

bladder wall calcification and, 57 

bowel-augmented, 68 

histopathologic subtypes of, 129 

laser treatment for, 492-494 

leiomyoma, 75 

other, 173-174 

prognostic factors, 129-130 

prophylactic treatment following resec- 
tion of, 494 

seminal vesicle tumors presented as, 193 

transitional cell, 50-51, 129-135, 138- 
139, 493 
Bladder wall; see also Bladder 
beehive sign of, 62 
calcification, causing intramural filling 
defects, 54 

diverticulum, 149 

etiologies of dystrophic calcification of, 
57 

hypertrophy, 94, 140 

ring-down shadowing of, 60 

tenting, 62 

tethering, 62 

thickened with hydronephrosis associ- 
ated with posterior urethral 
valves, 335 

thickening, 94, 172-173 

thickening, isoechoic, 49 

Bleeding 
embolization of lower genitourinary 

tract and, 523 
after hysterosalpingography, 469 

Blood clots, 48 
differentiated from bladder calculi, 57 

Blood flow acceleration 
for evaluating arteriogenic impotence, 


408 


558 


Blood flow acceleration (cont. ) 
intratesticular, 125 
penile, 404-406, 408 
Blood in ejaculate, 219 
Blood pressure, measurement of penile, 
403-404 
Boari flap, 69-70 
Body weight, infertility and extremes of, 
462 
Boltzmann’s distribution law, 14 
Bone marrow metastases, 143 
staging prostatic carcinoma and, 228 
Bone pain, metastasis of prostate carci- 
noma and, 197 
Bone scans, 200 
Borden and Gibb staging system for tes- 
ticular cancer, 311 
Bors ice water test, 86-87 
Bourne test, 62-63 
Bowel-augmented bladder, 68 
Bowel obstruction, inflatable penile pros- 
theses and, 395 
Bradycardia 
due to narrow bladder neck, 364 
with vasovagal reaction to iodine, 546 
Brain tumor, uninhibited neurogenic 
bladder resulting from, 94 
Breast cancer, 173-174 
Bremmstrahlung, 1 
Bronchial asthma, 50 
Bronchiectasis, infertility and, 438 
Bronchospasm 
as response to contrast material, 548 
Brucellosis, 253 
Brugia malayi, 536, 538 
Brugia timori, 536 
Buba, Yaws 
Buck’s fascia, 122 
Bulbocavernosal reflex, 88, 106 
clinical evaluation of impotence and, 
512 
Bulbospongiosus muscle, 34 
Bullous edema 
suggestive of fistula, 65 
Burkitt’s lymphoma, 306 
Buschke-Loewenstein tumors, 385 


Cachexia 

metastasis of prostate carcinoma and, 
197 

Calcium channel blockers, 374 
infertility and, 439 

Calculi, 91, 94; see also Bladder calculi 
bladder, 54-56, 97, 129, 178 
bladder wall, 54, 57 
corporal body, 405 
dystrophic, 533 
eggshell crust, 96 
ejaculatory duct, 455 


focal testicular, 305 
foreign body, 57 
forming urethral diverticuli, 386, 387 
ipsilateral renal, 54 
of large cell Sertoli cell tumors, 302 
laser lithotripsy of, 497-498 
nonopaque, 347 
orchitis and, 328 
prostatic, 177 
psammomatous, 44 
schistosomiasis and, 540 
scrotal, 291 
seminal vesicle, 193 
serpentine-shaped, 96-97 
spaghetti-like, 96 
testicular, 297, 305, 307 
tuberculosis and, 528, 531-533 
urethral, 377, 381, 385-386 
uric acid, 58 
urinary tract, 96, 193, 291 
Caloric restriction, infertility and, 462 
Canadian Task Force on Periodic Health 
Examination, 198 
Cancer induction, 9, 10 
Candida albicans, 254 
gas formation in bladder and, 59-60 
vaginitis and, 424 
Carcinoembryonic antigen (CEA), 314 
as yolk sac tumor markers, 298 
Carcinoid syndrome, 305 
Carcinoid of testis, 305 
Carcinoma, see Adenocarcinoma, Adeno- 
matoid tumor, Carcinoma in situ, 
Carcinosarcoma, Clear cell carci- 
noma, Embryonal cell carcinoma, 
Embryonal rhabdomyosarcoma, 
Gonadoblastoma, Granulosa cell 
tumor, Leiomyoma, Liposar- 
coma, Mixed germ cell tumors, 
Neuroblastoma, Nonsemino- 
matous germ cell tumors, Ovar- 
ian cancer, Papillary tumors, 
Rhabdomyosarcoma, Schwann- 
oma, Seminoma, Squamous cell 
carcinoma, Testicular neoplasms, 
Transitional cell carcinoma, and 
specific site 
Carcinoma in situ (CIS) 
of bladder, 129-133, 135 
magnetic resonance imaging of testicu- 
lar, 326 
Carcinosarcoma, 129 
Cardiac arrest, as response to contrast 
media, 550 
Cardiac arrhythmias, 22 


Cardiac pacemakers, 23 


Cardiac septal defects, oil soluble mate- 
rial usage and, 546 

Cardiac valvular disease, 218 

Cardiopathy, congenital, 43 
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Cardiopulmonary disease, laser prosta- 
tectomy and, 499 
Cardiovascular collapse, emboli and, 
468 
Carney’s syndrome, large cell calcifying 
Sertoli cell tumors and, 302 
Carrageenan, reaction to, 546 
Cataracts, 10 
Cauda equina syndrome, 362 
Cavernosography, 515-519 
Cavernous artery systolic occlusion pres- 
sure, 404 
Central nervous system, lesions of, unin- 
hibited bladder resulting from, 94 
Central nervous system syndrome, 10 
Cerebral vascular accidents (CVA), 104 
uninhibited neurogenic bladder result- 
ing from, 94 
Cervical carcinoma, 54, 431 
vesicovaginal fistula formation and, 63 
Cervix 
assessment of, in female infertility, 
464-465 | 
Chemical insults, small capacity bladder 
caused by, 75 
Chemotherapy, 201, 431-433 
bladder cancer and, 133-134, 172 
causing bladder wall dystrophic calcifi- 
cation, 57 
infertility and, 437-438 
multiagent systemic for bladder can- 
cer, 173 
vs. photodynamic therapy for bladder 
tumors, 494 
testicular neoplasms and, 313 
Chest pain, emboli and, 468 
Chlamydia 
acute epididymitis and, 253 
hysterosalpingography and, 456 
Chlamydia trachomatis, 439, 543 
acute epididymitis and, 253 
nonbacterial prostatitis and, 186 
Choriocarcinoma, 298-301, 308 
Chromosomal pattern, mosaic, 33 
Chromosomes, absence of X, 31 
Chronic bladder infection, bladder can- 
cer and, 129 
Chronic bladder inflammation, 129 
Chronic epididymitis 
adenocarcinoma of rete testis and, 305 
tubular ectasia and, 285 
Chronic inflammatory disease, 227 
Chronic lymphadenitis, 234 
Chronic renal failure, 193 
Chronic urethritis 
causing urethral diverticula, 386 
in women, 387 
Cigarette smoking, see Smoking 
Cimetidine, infertility and, 439 
Classic scattering, of X-rays, 2 
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Clear cell carcinoma 
congenital cysts and, 184 
vaginal, 428-429 
Cleidocranial dysostosis, 42 
Clitoral hypertrophy, 34 
Cloacal anomalies, 36 
Clomiphene citrate, 474 
Cocaine, infertility and, 439 
Cochlear implants, 23 
Colchicine, infertility and, 439 
Coliform bacteria, acute epididymitis 
and, 253 
Collagen, 110-111 
Collecting system, duplication of, 470 
Collimation, 11 
Colon carcinoma, enterovesical fistula 
and, 61 
Colonic haustrations, 283 
Color Doppler ultrasonography, 9-10; 
see also Duplex ultrasonography, 
Sonography, Sonography of pros- 
tate carcinoma, Ultrasonography 
evaluating vasculogenic impotence 
with, 404-406 
of prepubertal testes, 267 
spermatoceles differentiated from hy- 
droceles, 288 
of testicular torsion, 262, 264-268 
Combined injection and stimulation 
(CIS) test, 403 
Compton effect, 2 
Computed tomography (CT), 36; see also 
Computed tomography of pros- 
tate carcinoma, Imaging 
abdominal hydrocele and, 276-278 
anatomy of bladder, 159-162 
assessing bladder carcinoma depth 
with, 51-52 
of benign and malignant conditions of 
vagina, 413-433 
of benign prostatic hyperplasia, 182 
of bladder, 159-174 
bladder carcinoma findings of, 166-173 
bladder hemangiomas and, 58 
bladder herniation and, 282 
bladder imaging and, 39-41, 159-174 
bladder rupture imaging and, 119 
blunt abdominal trauma and, 116-117 
contrast resolution of, 5 
digital images of, 3-4 
enterovesial fistula demonstration 
with, 63 
examination technique for bladder car- 
cinoma, 162-163 
identifying diverticular neoplasms 
with, 47 
inguinal hernias and, 276, 284 
invasive transitional cell carcinoma 
monitoring with, 135 
level of brightness, 4-5 


numbers, 4 
pelvic organ displacement and, 66 
penile prostheses and, 390, 392, 396 
pixels of, 4 
posttreatment evaluation of bladder 
cancer with, 172-173 
principles of operation, 4 
retroperitoneal tumor spread evalua- 
tion with, 312-313 
of seminal vesicles, 188 
spatial resolution of, 5 
spiral (helical), 162, 163, 170 
staging prostatic carcinoma with, 200 
of tuberculous bladder, 529 
of undescended testicles, 244 
video imaging and, 2 
window control, 4-5 
Computed tomography of prostate carci- 
noma, 230-235 
criteria for abnormal lymph nodes, 234 
evaluation of lymph node metastases 
with, 232-235 
radiotherapy planning and posttreat- 
ment evaluation with, 235 
Condyloma acuminatum, 384-385 
laser surgery for, 494 
Condyloma(s), urethral, laser treatment 
of, 494 
Confusion, emboli and, 468 
Congenital abnormalities of the bladder, 
41-47 
bladder agenesis and hypoplasia, 41 
bladder diverticula, 44-47 
duplication anomalies, 41 
exstrophy and epispadias, 41-43 
persistent urachus, 43-44 
prune-belly syndrome, 43 
Congenital absence of vas deferens 
(CAVD), 457 
Congenital adrenal hyperplasia (CAH), 
30, 438 
Congenital anorchia, 273; see also Unde- 
scended testes 
Congenital cysts, 183 
Congenital fibroelastosis, 365 
Congenital vaginal anomalies, 417-419 
Contigen, 110, 111 
Continence mechanism 
female, 82-83 
male, 80-82 
Continuous-wave Doppler stethoscope 
to measure penile blood pressure, 404 
Contracted bladders, 68 
Contralateral torsion, tubular ecstasia 
and, 285 
Contrast extravasation, as response to 
contrast reactions, 550 
Contrast media; see also Barium 
extraluminal, 375-377, 380, 382, 386 
gadolinium containing, 147-155 
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incidence and background of reactions 
to, 546-547 
incidence of death as result of radio- 
graphic, 547 
indications for use of low-osmolar, 547 
loculated spillage, 534 
oil based, 467-468, 546 
oil or water based with hysterosalpin- 
gography, 467-468 
oral, optimization of magnetic reso- 
nance and, 145-146 
premedication for reactions to, 550, 
552 
pulmonary edema as response to, 548, 
552 
reactions to, 546-552 
recognition and treatment of reactions 
to, 547-551 
three magnetic resonance imaging, ap- 
proved for intravenous adminis- 
tration, 547 
types of reactions to, 546-550 
vasovagal reactions, 546-547, 549 
water based, 467-468, 546 
Contrast/noise ratio, of magnetic reso- 
nance imaging, 21 
Contusion 
bladder, 117 
testicular, 125 
Corpora amylacea, prostatic calcification 
of, 187, 212 
Corporal venoocclusive dysfunction, 517 
Cortisol, 30 
Corynebacterium genitalium, 543 
Coughing, emboli and, 468 
Cowper's glands, 342 
adenocarcinoma arising from, 383 
urethral intravasion, 384 
Crede maneuver, 96 
Cremasteric muscle 
testicular torsion and, 262 
undescended testes and, 238, 240 
Crepitus, 258 
Crohn’s disease, 50, 61, 63, 380 
abscess due to, 383 
rectovaginal fistula development with, 
421 
watering can urethra due to, 382 
Cryosurgery, 201 
Cryosurgical ablation of prostate, 479- 
488 
complications and postoperative man- 
agement of, 485-487 
equipment for, 481 
follow-up studies of, 487 
intraoperative complications, 486-487 
patient selection and preoperative eval- 
uation for, 480-481 
planning map and cryoprobe place- 


ment for, 482-483 
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Cryosurgical ablation of prostate (cont. ) 
preoperative and postoperative man- 
agement of, 487 
procedure, 479, 483-485 
prostatic apex and, 481-482 
rectal anatomy pertinent to, 481 
thermosensors for, 483 
Cryotherapy, 199 
Cryptomenorrhea, 418 
Cryptorchidism, see Undescended testes 
Culex quinquefasciatus, 537 
Curettage 
emboli and, 468 
infertility and, 465 
Cutis laxa, 45 
Cyclophosphamide, bladder cancer and, 
129 
Cyclops, 542 
Cystadenomas, 193 
seminal vesicle, 193 
Cystectomy, 42 
bladder cancer and, 132, 133 
pathological understaging and, 132 
transitional cell carcinoma and, 132-133 
Cystic dysplasia of testis, tubular of rete 
testes and, 285 
Cystic fibrosis, 246 
infertility and, 438 
Cystitis 
acute, 74 
alkaline encrusting, 57 
bullous, 48-50 
causing mural defects, 47-50 
chemical, 68 
chemotherapy induced, 49 
chronic, 74 
cystica, 48-50 
emphysematous, 35, 57-61 
eosinophilic, 49-50 
glandularis, 48 
granulomatous, 50 
hemorrhagic cyclophosphamide, 74 
imaging of, 47-50 
infectious, 57 
interstitial, 50 
intestinal, 74 
polypoid, 48 
pseudotumoral cystitis, 50 
tuberculous, 528 
Cystocele(s), 73-74 
large, 56 
scrotal, 70 
Cystodiathermy, treatment for bladder 
cancer by, 164 
Cystogram, stress for evaluating inconti- 
nence, 102-104 
Cystography; see also Imaging, Voiding 
cystourethrogram 
bladder, 47 
bladder contusion and, 117 


bladder injury and, 116, 118 

bladder protrusion delineation and, 70 

contrast media for, 35-36 

double contrast, 36 

external genitalia and, 31 

extraperitoneal rupture and, 117 

fistula demonstration with, 61 

imaging of benign conditions of the 
bladder with, 35-38 

indications, 36 

nuclear, 36 

technique, 36-37 

of tuberculous bladder, 528 

vesical detection with, 54 

vesicovaginal fistula formation demon- 
stration with, 63, 65 

Cystometrogram (CMG), 85 


Cystometry 
filling, 85 
identifying uninhibited contractions 
with, 113 


neurogenic bladder and, 85-86 
nonobstructive bladder dysfunction 
evaluation with, 107 
voiding, 85 
Cystoplasty, augmented, 529 
Cystoprostatectomy 
bladder cancer and, 130 
transitional cell carcinoma and, 133 
Cystoscopy 
bladder carcinoma diagnosis and, 51 
bladder outlet obstruction evaluated 
by, 105 
early detection of urinary bladder car- 
cinoma and, 151 
invasive transitional cell carcinoma 
monitoring with, 135 
Cystourethrogram, voiding, 33 
Cystourethrography, 75 
patients with suprasacral spinal cord 
lesions and, 97 
Cystourethroscopy, 130, 193 
Cyst(s) 
Bartholin’s gland, 419-420 
congenital, 183 
dermoid, 193 
ejaculatory duct, 212 
endometriotic, 474 
epidermoid, 307-308, 325 
epididymal, 276, 287-288 
Gartner’s duct, 419 
hemorrhagic ovarian, 474 
intraprostatic, infertility and, 455 
miullerian duct, 53, 183 
ovarian, 476 
paravaginal, 419-420 
perivesical, 53 
prostatic, 177, 183-186 
rete testes, 286 
seminal vesical, 53, 191-193 
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simple testicular, 276, 285, 325 
testicular, 305 
tubular ectasia of rete testes and, 285- 
287 
tunica albuginea, 276, 289, 326-327 
utricular, 33, 455 
wolffian duct, 419 
Cytokeratin, 298 
Cytology, invasive transitional cell carci- 
noma monitoring with, 135 
Cytomegalovirus, 254, 328 


Dacomed mechanical penile prostheses, 
393 
Denervation sensitivity test, 86 
Deoxycorticosterone, 30 
Deoxyribonucleic acid (DNA) 
damage, 9, 10 
ploidy content, 196 
testicular neoplasms and, 294 
ploidy pattern, of carcinoid of testes, 
305 
Dermatoid tumors, 50 
Dermoid cysts, 193 
Detrusor arreflexia, 94 
Detrusor bladder neck dyssynergia, 362- 
364, 367 
Detrusor external sphincter dyssynergia, 
88, 91, 94 
spinal cord lesions and, 94 
Detrusor hyperflexia, 109 
bathine test for, 86 
with impaired contractility (DHIC), 
109-110 
urge urinary incontinence and, 104 
Detrusor hypertrophy 
posterior urethral valves and, 336 
Detrusor instability, 93 
bladder outlet obstruction and, 107 
urinary incontinence caused by, 104- 
105 
Detrusor sphincter dyssynergia, 373-375 
difference between stricture and, 376 
extraluminal contrast material and, 
377 
laser treatment of, 498 
narrowing of prostatic urethra and, 
368 
pathologic ledges and, 365-366 
Diabetes, 104; see also Diabetes mellitus 
calcification of seminal vesicle and, 
193 
hematocele and, 279 
seminal vesicle abscesses and, 192 
sensory paralytic bladder and, 94 
Diabetes mellitus; see also Diabetes 
arterlogenic impotence and, 514 
Fournier’s gangrene and, 258, 259 
gas formation in bladder and, 59-61 
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infertility and, 438 
sensory paralytic bladder and, 89 
Dibromochloropropane (DBCP), infertil- 
ity and, 439 
Diet, prostate carcinoma and, 196 
Dietary deficiencies, vesical aluli and, 56 
Diethylstilbestrol (DES) exposure, infer- 
tility and, 465, 469, 476 
Diffuse disease of bladder mucosa, photo- 
dynamic therapy for, 494 
Digital rectal exam (DRE), 197, 200, 
206-208, 212, 213 
prostate carcinoma and, 196-197 
Dihydrotestosterone (DHT), 27 
undescended testicles and, 240 
Disseminated disease, 308 
Distal ureteral obstruction, 65 
Distance, of radiation exposure, 11 
Diverticula; see also Bladder diverticula 
bladder wall, 149 
calyceal, laser incision of, 497 
double-density sign of, 380 
Hutch, 47 
isthmic, 534 
urethral, 380, 386 
vasal, 192 
Diverticular disease, 63 
Diverticular prostatitis, 185 
Diverticulectomy, 342 
Diverticulitis, 385-386 
sigmoid, 61, 63 
vaginal fistulas due to, 421 
Donovanosis, see Granuloma inguinal 
Doppler stethoscope, to measure penile 
blood pressure, 404 
Doppler ultrasonography; see also Color 
Doppler ultrasonography, Ultra- 
sonography 
color, 9 
continuous, 8-9 
duplex, 9 
power, 10 
pulsed, 8 
Dotarem, 547 
Double-density sign, 380 
Doxepin, 370 
Dracunculiasis, 542 
Dracunculus medinensis, 542 
Drash syndrome, see Wilms’ tumor 
DRE, 197, 200, 206-208, 212, 213 
Drooping lily sign, 53 
Drug abuse, Fournier’s gangrene and, 
258 
Drug exposure, infertility and, 439 
Duplex ultrasonography; see also Color 
Doppler ultrasonography, Sonog- 
raphy, Sonography of prostate 
carcinoma, Ultrasonography 
evaluating penile blood flow with, 


403-406, 408 


detecting venous leakage with, 409 
venogenic impotence diagnosis with, 
409 
Dura-II mechanical penile prostheses, 
392-393 
Dwarf bladder, 41 
Dynamic infusion cavernosometry and 
cavernosography (DICC), 409, 
516-517 
Dynamic retrograde urethrogram; see also 
Retrograde urethrogram 
urethral strictures studied by, 378 
Dysgenic gonadal development, 31, 33, 
247-248, 303, 419 
Dyspnea, emboli and, 468 
Dysreflexia, autonomic, 97-98 
as response to contrast media, 549, 
552 
Dystrophic calcification, 533 
Dysuria 
nonbacterial prostatitis and, 186 
prostatic abscess and, 185 
seminal vesicle disease and, 188 
urethral polyps and, 347 


Eagle-Barrett syndrome, 43 
large bladders associated with, 75 
Eating disorders, anovulation and, 474 
Ecchymosis 
penile, 279 
scrotal, 279 
Echinococcosis, 543 
Echo time (ET), 19 
Ectopic pregnancy rate, following cathe- 
ter recanalization, 503-504, 506 
Ectopic testes, see Undescended testes 
Edema 
idiopathic stromal, scrotal pain and, 
273 
laryngeal, 548 
lower extremity, 66 
pelvic, 66 
pulmonary, 948, 552 
scrotal, 48, 273 
Ehlers-Danlos syndrome, 45 
Eiffel tower sign, 21 
Ejaculate, blood in, 219 
Ejaculatory duct 
asymmetry, 188 
calcification, infertility and, 455 
cysts, 212, 455 
dilation, infertility and, 455 
intravenous urography of schistosomi- 
asis disease of, 541 
obstruction, 192, 193, 455 
Ejaculatory pain, seminal vesicle disease 
and, 188 
Electrocardiogram (ECG) waveform, 


22 


Electrocautery resection, 131 
laser treatment results like, 492 
Electrons, 1 
Elephantiasis, filarial, 538-539 
Elfin-facies syndrome, 45 
Embolization 
hysterosalpingography and, 468 
of lower genitourinary tract, 523 
pulmonary, after hysterosalpingogra- 
phy performed with oil based ma- 
terial, 546 
symptoms of oil, 546 
Embryology of ambiguous genitalia, 25- 
29 
female development and, 27-29 
indifferent stage of, 25-27 
male development and, 26-29 
Embryonal cell carcinoma (ECC) 
cryptorchid testis and, 245 
testicular, 297-301 
Embryonal rhabdomyosarcoma, vaginal, 
429 
EMG monitoring, urodynamic studies 
and, 93 
Emotional stress, infertility and, 462 
Emphysema of scrotum, 259 
Emphysematous cystitis, 35, 57-61 
differential diagnosis of, 57, 59 
Emphysematous pyelitis, 57 
Emphysematous pyelonephritis, 57 
Emphysematous vaginitis, 57 
End-organ androgen insensitivity, 438 
Endocrinologic dysfunction, 438 
Endocrinopathy, impotence and, 403 
Endodermal sinus tumor, see Yolk sac 
tumor 
Endoluminal transurethral sonogram, diag- 
nosing urethral diverticula with, 


386 
Endometrial carcinoma, congenital cysts 
and, 184 


Endometrial tuberculosis, 535 
ulcerations, 535 
Endometriosis, laser treatment of trans- 
mural bladder lesions from, 493 
Endometriosis, 50, 418, 424, 431, 470, 
474 
ovarian, 475 
Endopyelotomy, performed with laser, 
497 
Endoscopic lobe of prostate, 180 
sunset sign of, 180 
Endoscopy, bladder tumor diagnosing 
with, 130 
Endoureterotomy, 497 
Enterobacter, 186 
Enterovesical fistula, 61-63 
Enuresis, in children, 93 
Environmental toxins, infertility and, 
439 
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Epidermoid cyst, 307 
concentric ring pattern of, 307 
differentiated from simple testicular 
cysts, 285 
lamellar swirling configuration of, 307 
magnetic resonance imaging of testicu- 
lar, 325, 327 
Epididymal abscess, 328 
Epididymal cyst, 276, 282, 287-288 
magnetic resonance imaging of, 330 
Epididymal flow, 255 
Epididymal hemorrhage, 327 
Epididymal obstruction, infertility and, 
438 
Epididymal orchitis, testicular torsion 
differentiated from, 263 
Epididymis, 31, 252-253; see also Inflam- 
matory conditions of epididymis 
and testis 
adenomatoid tumors arising in, 314 
anatomy of, 250-251 
anomalies of associated with unde- 
scended testes, 242, 245-246 
clinical presentation of, 253 
enlarged, 328 
enlarged hypoechoic, 254 
etiology of, 253-254 
sonographic appearance of complica- 
tions associated with, 255-258 
testicular cancer misdiagnosed as, 
295 
testicular torsion and, 262-263, 265, 
268-269, 271 
thickened, 329 
torsion of, 273-274 
tuberculosis of, 530-531 
tubular ectasia and, 285 
ultrasonography of for fertility evalua- 
tion, 444 
Epididymitis, 124 
complications of, 328 
distinguished from testicular torsion, 
327 
magnetic resonance imaging of, 327- 
328 
recurrent, 33 
tuberculous, 530-531 
Epididymoorchitis, 252-253, 538 
acquired immune deficiency and, 531 
differentiated from testicular torsion, 
271 
Epididymovasotomy, 456 
Episadias, 349 
Erectile dysfunction; see also Impotence 
aortoiliac occlusive disease, 514 
cryosurgical ablation and, 487 
defined, 401 
Klippel-Trenaunay syndrome and, 
518 
priapism, 521-523 


Erection 
physiology of, 510-511 
preserving, 223 
six phases of, 510-511 
Erythema, as reaction to contrast mate- 
rial, 548 
Escherichia coli, 192 
acute epididymitis and, 253 
Fournier’s gangrene and, 258 
gas formation in bladder and, 59 
prostatic abscess and, 185 
Eunuchoid patients, prostate carcinoma 
and, 196 
Excess population, of Boltzmann’s distri- 
bution law, 14, 15 
Exercise, infertility and excessive, 462, 
474 
Exposure 
to magnetic fields, 22 
radiofrequency, 22-23 
Exstrophy, 36 
Exstrophy-episadias complex, 41 
External beam radiation, prostate cancer 
and, 223 
External genital lesions, laser treatment 
of, 494-495 
External iliac steal syndrome, 514 
External vacuum devices, impotence 
and, 390 
Extracapsular disease, 230 
Extracorporeal shock wave lithotripsy 
(ESWL), 54 
Extraluminal contrast material, 375-377 
outside of urethra, 380, 382, 386 
Extraluminal disease, 421 
Extraperitoneal rupture, 117-118 
Extravaginal torsion, 271, 328 
Extrophy of the bladder 
. vesical calculi in children and, 56 


Fallopian tube(s) 
adhesions, 470 
assessment of in female infertility, 
465-473 
convoluted or corkscrew, 534 
disease, 468, 476 
distal obstruction of, 470 
fixation, 534 
ipsilateral, 31 
ligation, surgical reversal of, 504 
microsurgery, 504 
obstruction, 468 


perforation, complications of fallopian 


tube recanalization causing, 503, 
506 
proximal occlusion of, 470 
tuberculosis of, 533-534 
False channel development, after cryo- 
surgical ablation, 487 
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False-positive diagnosis, computed to- 
mography and, 233 
Fast Fourier transform, 20 
Female continence mechanism, 82-83 
Female development, of ambiguous geni- 
talia, 27-29 
Female incontinence, 99-104 
bladder outlet obstruction and, 105- 
106 
diagnosis of, 106 
overflow, 105 
physical examination evaluating, 106- 
107 
radiographic evaluation of, 100-104 
stress urinary, 100 
urge urinary, 104-105 
urinary, 99-104 
Female infertility, 461-477 
assisted reproductive technologies and, 
476-477 
causes of, 462 
cervix assessment in, 464-465 
endometrium assessment in, 474 
etiology of, 462 
evaluation of, 463-474 
organizing and planning the evalua- 
tion of, 462-463 
ovulation assessment in, 463-464 
physical examination for, 463 
prevalence and epidemiology of, 462- 
463 
sperm transport improvement and, 
476 
treatment of, 474-477 
treatment of fallopian tube disease 
and, 476 
Female prostate, 72-73 
Female pseudohermaphrodite (FPH), 
30-34 
miullerian structures in, 31 
sonography and, 31 
Female stress incontinence, implantable 
prosthetic devises and, 111-112 
Femoral ring, 70 
Fetus 
exposure to endogenous androgens, 30 
magnetic field effects on, 22 
undervirilization of male, 30-31, 33 
virilization of female, 30 
Fibroadipose tissue in pelvis, 65 
Fibroids, uterine, 473 
Fibromas, 234, 304 
fallopian tube, 470 
retroperitoneal, 66 
seminal vesicle, 193 
Fibrotic lesions, vasoactive drugs and, 
390 
Field strength, magnetic resonance im- 
aging optimization and, 143 
Filariasis, 536-539 
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Filling defects 
anterior urethral, 382-386 
posterior urethral, 377 
prostatic urethral, 378 
uterine, 469-470 
Film images, 2, 5 
Finasteride, 221, 368 
Fistula(s) 
colovesical, 62-63 
enterovesical, 61-63 
injury and formation of, 116 
urethral, 380, 383 
urethrorectal, development after cryo- 
surgical ablation, 487 
vaginal, 419-423 
vesicovaginal, 63-65 
Flaccid bladders, 93 
Flank pain, seminal vesicle cysts and, 
191 
Fluoroquinolone, 218 
Fluoroscopy, 36 
automatic brightness control, 3 
image intensifier, 2, 3 
magnification mode, 3 
radiation dose rates, 3 
Flutamide, 203 
undescended testicles and prenatal 
time-specific, 240 
Focal necrosis, 232 
Follicle-stimulating hormone (FSH), in- 
fertility and evaluation of, 440 
Foreign bodies, urethral polyps differen- 
tiated from, 347 
Foreign body irritation, 129 
Fourier-transformation, of free induction 
decay signal, 20 
Fournier’s gangrene, 258-260 
computed tomography diagnosis of, 
259-260 
sonographic findings of, 259 
Free induction decay (FID), 20 
Free radicals, 9 
Frequency effects, of ultrasound, 7 
high beam, 7-8 
low beam, 7-8 
Frequency encoding gradient, 21 
Fundus, with two cavities, 470 
Fungus balls, 60 
Future prospects of magnetic resonance 
imaging techniques, 154 


Gadolinium-containing contrast agents, 
147-152 

future applications for, 154-155 
Gadopentetate dimeglumine, 192 
Galactorrhea, infertility and, 439 
Gamete intrafallopian transfer, 476-477 
Gardnerella vaginalis, 543 

vaginitis and, 424 


Gartner’s duct cysts, 419 
Gas pyelogram, 42 
Gastric neoplasms, 295 
Gastrointestinal studies, for demonstrat- 
ing enterovaginal fistulas, 421 
Gastrointestinal syndrome, 10 
Gender assignment, 25 
Gene defects, producing enzyme defi- 
clencies in steroid formation, 30- 
31 
Genital adrenal hyperplasia, 301 
Genital ambiguity, 304 
Genital wart, see Condyloma acuminatum 
Genitography, external genitalia and, 31 
Genitourinary infections 
calcification of seminal vesicles and, 
193 
Germ cell tumors (GCTs), 294 
differentiated from nongerm-cell tu- 
mors, 294 
torsion in undescended testis and, 247 
Glandular hyperplasia, see Benign pros- 
tatic hyperplasia 
Gleason scoring, 200 
Glycosuria, 59 
Gonadal blastoma, benign, 31 
Gonadal development, 25 
dysgenic, 31 
Gonadal differentiation disorders, 31 
Gonadal dysgenesis, 33, 303; see also 
Turner syndrome 
Gonadal dysgenesis syndrome, 31 
Gonadoblastoma, 304-305 
Gonadotoxins, infertility and, 439 
Gonadotropic secretion, testicular de- 
scent and abnormal, 240 
Gonadal blastoma, benign, 31 
Gonococcal urethritis, 382 
Gonorrhea, urethral fistulas and, 380 
Granuloma formation and inflammation, 
hysterosalpingography and, 468 
Granuloma inguinale, 542-543 
Granulomatous orchitis, 258 
Granulomatous prostatitis, 227 
Granulosa cell tumor, 303-304 
testicular, 324 
Gubernaculum, 238-240 
Gynecomastia, 302, 439 
Leydig cell tumor and, 300 
obesity with, 247 
Gyromagnetic ratio, 13 


Hahn spin echo formation, 17-19 
hCG, 476-477 

as marker for testicular cancer, 294 
Hemangiomas 

bladder, 58 

pelvic, 424 

urethral, 193 


Hematocele, 276, 279-282 
adenocarcinoma of rete testis and, 305 
magnetic resonance imaging of, 330 

Hematocolpos, 418 

Hematologic syndrome, 10 

Hematoma(s) 
fascial scrotal, 330 
intratesticular, 330 
perivesical, 65 
prevesical, 71 
scrotal, 125-127, 279 
trauma and, 116, 117 
vasoactive drugs and, 390 

Hematometrocolpos, 418 

Hematoporphyrin, 493 

Hematospermia, 181, 193 
seminal vesicle disease and, 188 

Hematoxyphilic bodies, 308 

Hematuria, 44, 115, 122, 130, 178, 193, 

219, 383 

cryosurgical ablation therapy causing, 
486 

urethral polyps and, 347 

Hemophilus vaginalis, vaginitis and, 424 

Hemorrhage 
cerebral, 97 
retinal, 97 
of seminal vesicle cysts, 192 

Hemorrhagic cyclophosphamide cystitis, 

small bladder capacity and, 74 

Hemostasis, 131 

Henoch-Schonlein purpura, 328 

Hepatocellular disease, 295 

Hernia(s) 
bladder, 70 
scrotal, 320 
undescended testes and, 246-247 

Herniated disks, motor paralytic bladder 

and, 89, 96 

Herniography, 285 

Herniorrhaphy, 246, 281 

Hinman syndrome, 375 

Histological patterns 
of prostate carcinoma, 216 

HIV, testicular neoplasms and, 294 

Hives, as reaction to contrast media, 548 

Hockey stick configuration of distal ure- 

ters, 42 

Hodgkin’s lymphoma, 306 

Hormonal ablation, 198 

Hormonal manipulation, 203 

Hormone(s), role in testicular descent, 240 

Hourglass bladder, 41 

Human papillomavirus, causing urethral 

tumors, 494 

Hutch diverticulum, 47 

Hydatid disease of scrotum, 543 

Hydrocele(s), 273-274, 282, 291, 327 
abdominoscrotal, 277-278 
adenocarcinoma of rete testis and, 305 
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Hydrocele(s) (cont. ) 
congenital, 277-278 
differentiated from testicular torsion, 
271 
filarial disease and, 538 
magnetic resonance imaging of, 330 
scrotal, 276-278 
secondary, 277-278 
spermatic cord, 277 
tuberculous, 531-532 
Hydrocephalus, uninhibited neurogenic 
bladder resulting from, 94 
Hydronephrosis, 179, 347 
Hydrosalpinx 
fallopian tube catheterization and, 504 
tuberculous and, 534 
Hydroureter, urethral polyps and, 347 
Hydroureteronephrosis, 74 
megalourethra and, 345 
Hydroxylase deficiency, 304 
11-Hydroxylase deficiency, 30 
21-Hydroxylase deficiency, 30 
38-Hydroxysteroid dehydrogenase defi- 
ciency, 30 
Hypercalciuria, immobilization, 57, 96 
Hypercholesterolemia, arteriogenetic im- 
potence and, 514 
Hyperechoic cancer, 216 
Hyperechoic foci, 216 
Hyperplasia 
adrenal cortical, 302 
benign prostatic, 368-370 
fibromuscular, 182 
genital adrenal, 301 
glandular, 182 
periurethral gland, 365, 368 | 
Hypersensitive crisis, as response to con- 
trast media, 548-549, 552 
Hyperstimulation syndrome, 475 
Hypertension 
androgenital syndrome and, 304 
arterlogenic impotence and, 514 
` uncontrollable, 97 
Hypertonic neurogenic bladders, 68 
Hypoechogenicity, 296 
Hypoechoic mass, of prostate, 216 
‘Hypogastric endarterectomy, 520 
Hypoglycemia, as response to contrast 
media, 549-550, 552 
Hypogonadism, 247 
hypogonadotropic, 439 
impotence and, 403 
Hypogonadotropic hypogonadism, 439 
Hypoperistalsis, 179 
Hypoplasia of lungs, 43 
Hypoplastic bladder, 41 
Hypoplastic uterus, 469-470 
Hypospadias, 31, 33, 349 
megalourethra and, 345 
Hypospadiology, 349 


Hypotension 
as response to contrast media, 546, 549 
with vasovagal reaction to iodine, 546 
Hypothalamic defect, 247 
Hypothalamic-pituitary-gonadal (HPG) 
axis, 441 
Hypothalamic-pituitary-testicular axis 
testicular descent and, 240 
Hysterectomy 
invasive transitional cell carcinoma 
after, 146 
motor paralytic bladder and, 89, 96 
recurrent cancer in vagina after, 431 
vesicovaginal fistula formation and, 63 
Hysterosalpingography (HSG), 465-473, 
476 
abnormalities detectable by, 465 
bleeding after, 469 
complications of, 467-469 
contrast media used with, 467-468 
as extension of fallopian tube catheter- 
ization, 501, 502, 506 
failed procedures of, 469 
genital tuberculosis diagnosis with, 
533, 535 
indications and contraindications for, 
466 
selective, 470-471 
technique of, 466-467 
uterine pathology displayed by, 469- 
470 


Idiopathic scrotal edema, scrotal pain 
and, 273 
Ileal conduit and continent, complica- 
tions of, 133 
Ileocecocystoplasty, 68 
Iliac-hypogastric bypass surgery, 520 
Iliopsoas muscles, bladder encroachment 
from, 66 
Imaging 
of benign conditions of prostate, 177- 
193 
of benign conditions of seminal vesi- 
cles, 177-193 
dracunculiasis, 542 
filariasis, 536-539 
rare tropical conditions known to af- 
fect lower genitourinary tract, 
542-543 
schistosomiasis, 539-542 
tropical diseases of lower genitouri- 
nary tract, 527-543 
tuberculosis of female genital tract, 
533-535 
tuberculosis of lower urinary tract, 
528-530 
tuberculosis of male genital tract, 530- 
533 


Index 


Imaging benign conditions of the blad- 
der; see also Bladder imaging, 
Bladder mural defects, Computed 
tomography, Cystitis, Cystogra- 
phy, Ultrasound, Urography 

Imaging studies, prostatitis and, 186-187 

Immotile-cilia syndrome, 438 

Immunotherapy, versus photodynamic 
therapy for bladder tumors, 494 

Impaired visual fields, infertility and, 439 

Imperforate anus, 43 

megalourethra and, 345 

Impotence, 124; see also Erectile dysfunc- 

tion, and Penile erection 

arteriogenic, 404-410, 512-515, 519- 
520 

background of, 403 

cavernosal, 402-403, 511-512 

clinical evaluation of, 512 

conclusions of ultrasonography’s use- 
fulness in evaluating, 410 

criteria for normative study of, 406- 
408 

defined, 508 

endocrinologic, 512 

etiology of, 511-512 

functional classification of, 511 

history and physical examination of, 
403 

indications for ultrasonography in 
evaluating, 403 

neurogenic, 403, 406, 410, 511-512 

organic, 390, 403 

penile prostheses and, 390, 399 

pharmacologic, 512 

posttraumatic, 514-515 

psychogenic, 403, 406, 410, 511-512 

sonographic techniques for evaluation 
of, 403 

ultrasonography for evaluation of, 
401-410 

vascular disease associated with, 403 

vasculogenic, 401-404, 407, 409-410, 
512, 515-520 

vasculogenic, invasive evaluation of, 
912-519 

vasculogenic, therapy for, 519-521 

In vitro fertilization (IVF), 476-477, 504 

Incontinence; see also Female inconti- 
nence, Male voiding dysfunction, 
Voiding disorders 

affecting female urethra, 386 

cryosurgical ablation and, 487 

implantable prosthetic devices and, 
111-112 

overflow, 94 

prostatectomy resulting in, 367-368 

stress, 94 

treatment options for postprostatec- 


tomy, 367-368 
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Infarction 
prostatic, 227 
scrotal, 320 
testicular, 328 
Inferior displacement of bladder, 73 
Inferior vena cava obstruction, causes of, 
66 
Infertile male(s) 
endocrine evaluation of, 440-441 
evaluation of, 436-442, 458 
imaging the, 442-458 
physical examination of, 439-440 
semen analysis of, 441-442 
transrectal ultrasonography diagnosis 
of, 453-458 
varicocele occlusion and, 448-453 
venography of internal spermatic vein 
in, 445-452 
Infertility, 181, 308 
adrenogenital syndrome and, 304 
defined, 436, 461 
history, 436-439 
Leydig cell tumor and, 300 
prevalence and epidemiology of, 461- 
462 
undescended testes and, 241-242, 
245-246 
Inflammation 
hematocele and, 279 
transrectal ultrasonography indicated 
by, 181 
vaginal, 424 
Inflammatory bowel disease 
infertility caused by medication for, 439 
vaginal fistulas due to, 421 
Inflammatory cell infiltrate, 48 
Inflammatory conditions of epididymis 
and testis, 250-260, 327-331 
acute epididymitis and, 252-253 
epididymoorchitis, 252-253 
examination technique of, 250 
granulomatous orchitis, 258 
sarcoidosis orchitis, 258 
viral orchitis, 258-260 
Inflammatory polypoid lesions, urethral 
polyps differentiated from, 347 
Inflatable penile prostheses, 393-399 
cylinder dilation and buckling of, 396 
erosions of, 395-396 
four types of, 393-399 
kinking and separation of connecting 
tubing in, 397 
leaks in, 394-395 
malfunctioning of, 393-397 
miscellaneous complications of, 397 
pump malfunction and migration of, 
396 
resipump, 397-398 
self-contained, 398-399 
standard multicomponent, 393-395 


Infrequent voiders, sensory paralytic 
bladder in, 94 
Inguinal adenopathy, 327 
Inguinal area pain, seminal vesiculitis 
and, 192 
Inguinal canal 
anatomy of, 281 
enlargement, 330 
Inguinal hernias, 276, 281-285; see also 
scrotal hernia 
direct, 281, 285 
hyposadias and, 349 
indirect, 281-282, 285 
Inguinal lymphadenitis, 543 
Inguinal ring, 70, 239-241 
Internal fissures, development after cryo- 
surgical ablation, 487 
Internal urethrotomy, performed with la- 
ser, 495-496 
International Continence Society Stan- 
dardization Committee, 99 
International Reflux Study in Children, 
38 
International Union Against Cancer, 
165 
Intestinal pouch, 70 
Intraabdominal testes, see undescended 
testes, 238 
Intracavernosal injection (ICI), of vasod- 
ialating agent in impotent male, 
403, 407 
Intracavernosal papaverine therapy, 520 
Intracytoplasmic lipids, 303 
Intracytoplasmic sperm injection (ICSI), 
476 
Intramural filling defects in bladder, 50- 
70 
bladder masses causing, 50 
bladder tumors and, 50-52 
causes of, 51 
Intraperitoneal bladder rupture, 118, 
119 
Intraprostatic cysts, infertility and, 455 
Intrascrotal mass, rhabdomyosarcoma 
and, 314 
Intratesticular blood flow assessment, 
125 
Intratesticular neoplasms, 321-324 
lymphoma and leukemia, 325 
nonseminomatous germ cell tumor, 
323-324 
other, 325-326 
seminoma, 322-334 
stromal tumors, 324-325 
tumor like conditions, 325 
Intrauterine spermatic cord torsion of 
newborn, 271-273 
Intravaginal torsion, 328 
Intravascular contrast media, see contrast 
reactions 


Intravenous gadolinium-containing con- 
trast agents, 147-152 
future applications for, 154 
Intravenous urography (IVU), 38, 94, 
178-180 
of schistosomiasis, 540-541 
trauma and, 116-117 
Intravesical sonography, staging urinary 
bladder carcinoma and, 151-152 
Intravesical therapy, 131-132 
indications for, 132 
side effects of, 131 
Intrinsic sinusoidal disease, 405 
Intrinsic sphincter deficiency (ISD), 
100-103 
implantable prosthetic devises and, 
111 
Invaginated extraprostatic space (IES), 
211, 215 
Invasive squamous cell carcinoma, vagi- 
nal, 425-426 
Iodine allergy 
hysterosalpingography and, 468 
vasovagal reaction with hypotension 
and bradycardia to, 546 
Ionization of water, 9 
Ipsilateral nephrectomy, tubular ectasia 
and, 285 
Ipsilateral spermatocele, 325 
Irradiation 
causing bladder wall dystrophic calcifi- 
cation, 57 
testicular neoplasms and, 313 
Ischemia, 264, 329 
calcification within corporal bodies 
representing, 405 
Isoechoic infiltrating cancers, 219 
Isosexual precocious puberty, Leydig cell 
tumor and, 300 
Isosexual precocity, 302 
Isthmic diverticula, 534 


Jewett-Strong staging system, 139 
Jewett-Whitmore staging of prostate can- 


cer, 228 


Kallmann syndrome, 438 
Kartagener syndrome, 438 
Keratin, 314 
Keratin deposits, 285 
Kidney(s) 
absent, 191 
congenital anomalies of, 191 
pelvic, 470 
position, anomalies of, 349 
solitary, 470 
solitary, laser surgery and, 494 
third, 470 
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Kinky-hair syndrome, 45 

Klebsiella, 186 

Klinefelter syndrome, 247-248, 301 

Klippel-Trenaunay syndrome, 58, 75 
erectile dysfunction with, 518 


Labia minora, adhesions of the, 29 
Lactobacillus, 414 
Lamina propia stroma, fibrosis of, 48 
Landry-Guillain-Barré syndrome, 
motor paralytic bladder and, 89 
Laparoscopic pelvic lymph node dissec- 
tion, 235 
Laparoscopy, of undescended testicles, 
244 
Laparotomy, 276 
Large cell calcifying Sertoli cell tumors, 
302 
Larmor frequency, 13-15, 17, 19, 20, 21 
Laryngeal edema, as response to contrast 
material, 548 
Laryngospasm, contrast agents and, 547 
Laser 
argon, 491 
bladder and urethral tumors treated 
by, 492-494 
carbon dioxide, 491, 494, 495 
external genital lesions treated by, 
494 
holmium:YAG, 491-492, 494-498 
instrumentation, 491-492 
light production, 489 
lithotripsy, 497-498 
neodymium:YAG, 491-500 
other upper tract incisions, 497 
photodynamic therapy, 493 
potassium-titanyl-phosphate, 491-492, 
494-495, 500 
prostatectomy, 498-500 
soft tissue applications of, 497 
sphincterotomy, 498 
surgery of genitourinary tract, 489- 
500 
tissue interaction, 490 
tissue welding and anastomosis, 495 
treatment of benign prostatic hyperpla- 
sia, 372 
upper urinary tract tumors treated by, 
494 
urethral stricture incision with, 496- 
497 
urethral strictures and bladder neck in- 
cision with, 495-496 
wavelengths commonly used for geni- 
tourinary surgery, 491 
Laser internal urethrotomy, urethral 
stricture treatment with, 378 
Lateral displacement of bladder, 70-71 


causes of, 71 


Ledge of bladder neck 
etiology of, 369 
pathologic, 365-366 
Leiomyoma(s) 
bladder, 75 
seminal vesicle, 193 
uterine, 473 
Leiomyosarcoma, vaginal, 429 
Leprosy, 542 
Lesion(s) 
aortoiliac, erectile dysfunction and, 514 
aterial inflow, 390 
average size Calculation for prostate, 479 
external genital, laser treatment of, 
494-495 
penile, 405 
Sertoli cell tumors and spotty pig- 
mented, 302 
transmural bladder from endometrio- 
sis treated with laser therapy, 493 
ulcerated papillomatous genital and 
yaws, 943 
urethral acquired nontraumatic, 352- 
387 
vaginal, 424 
Lethal effects, of acute radiation expo- 
sure, 10 
Leukemia, 66, 325 
testicular, 306 | 
Leydig cell function, undescended testes 
and, 242-243 
Leydig cell hypoplasia, male pseudoher- 
maphrodite development and, 31 
Leydig cell tumor, 300-302, 304-305, 
308, 324, 326 
Libido, decrease in, 439 
Lightheadness, emboli and, 468 
Lipofuscin, 191 
Lipoma, 314, 315 
magnetic resonance imaging of sperm- 
atic cord, 327 
Lipomatosis, pelvic, 48, 65-66 
Liposarcoma 
paratesticular, 315 
of spermatic cord, 315 
Littre’s gland, adenocarcinoma arising 
from, 383 
Long-term effects of acute radiation ex- 
posure, 10 
Lower abdominal pain, seminal vesiculi- 
tis and, 192 
Lower back pain 
nonbacterial prostatitis and, 186 
seminal vesiculitis and, 192 
Lubricants, infertility and, 436-437 
Lumbar disk rupture, 104 
Luteinizing hormone (LH) 
depression of, and Leydig cell tumor, 
302 
infertility and evaluation of, 440 
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Luteinizing hormone-releasing hormone 
(LHRH), androgen ablation ther- 
apy and, 481 
Lymph node(s), 169, 223 
accuracy of computed tomography in 
staging, 171-173 
bladder cancer involvement of, 169-171 
chains, pelvic, 161 
criteria for considering enlarged, 143 
dissection, pelvic, 66 
false-positive computed tomography 
of, 233 
metastases, 200 
metastases from prostatic carcinoma, 
232 
metastases, staging prostate carcinoma 
and, 228 
metastatic retroperitoneal, 313 
prostate carcinoma involvement with, 
201 
prostatic carcinoma and histologic ex- 
amination of, 234 
Lymph scrotum, 538 
Lymphadenectomy, pelvic, 200 
Lymphadenopathy, 170 
pelvic, 66 
Lymphangiography (LAG), 233-235 
testicular carcinoma and, 313 
Lymphangiovarices, 538 
filarial disease and, 538 
Lymphatic drainage of testes, 308-310 
Lymphatic system, as primary route of 
dissemination of germ cell tu- 
mors, 308-310 
Lymphocysts, bilateral, 66 
Lymphogranuloma venereum, 543 
Lymphography, 169 
Lymphoma, 66, 129 
testicular, 306 
testicular involvement with, 325 
vaginal, 429 


Macrogenitosomia, Leydig cell tumor 
and, 300 
Macroplastique, 110 
Magnetic field 
biological effects of, 22-23 
exposure to, 22 
gradient, 20, 21 
hazards of, 23 
radiofrequency exposure and, 22 
used for magnetic resonance imaging, 
22 
Magnetic imaging of prostate carcinoma, 
223-230 
anatomy of, 224-230 
practical considerations for, 230 
staging with, 227-230 
technique of, 223-224 


Index 


Magnetic moment, 12-15 
Magnetic relaxation, 15-17 
Magnetic resonance imaging (MRI), 12 
biological effects of magnetic field and, 
22-23 
formation, 19-20 
formation of spin echo and, 17-21 
magnetic field gradient and, 20 
magnetic field used for, 22 
of male urethra, 362 
parameter optimization of, 21-22 
patient questionnaire used for, 23 
of retroperitoneum, 313 
of scrotum with torsion, 267-269 
selective excitation and, 20-21 
signal, 13-15 
spin-lattice and spin-spin relaxation, 
15-17 
spin-warp pulse sequence, 21 
of undescended testicles, 242-244 
Magnetic resonance spectroscopy, testic- 
ular, 331 
Magnetization, 15-17 
spin-lattice, 15-17 
transverse, 15-17 
Magnevist, 547 
Maier staging system for testicular can- 
cer, 311 
Malacoplakia, bladder, 50 
Male continence mechanism, 80-82 
Male development, of external genitalia, 
26-29 
Male pseudohermaphrodite (MPH), 30- 
34 
impaired androgen receptors and, 31 
Leydig cell hypoplasia causing, 31 
sonography and, 31 
Male voiding dysfunction, 107-113 
bladder outflow obstruction resulting 
in, 107 
urinary incontinence and, 108 
urodynamic evaluation of, 107-108 
Malignant lymph node enlargement, 234 
Malignant melanoma, 384 
Mansonia, 537 
Marijuana, infertility and, 439 
Marion’s disease, see Congenital fibroe- 
lastosis 
Marshall-Marchetti bladder suspension, 
72 
Martinez universal perineal interstitial 
template (MUPIT), 433 
Mass(es) 
extratesticular hypoechoic, 539 
inguinoscrotal, 315 
intratesticular, 314 
large abdominal, 179 
noninflammatory benign bladder, caus- 
ing intramural filling defects, 50 
uterine, 473 


Maternal drug exposure 
androgen production interference and, 
31 
development of external genitalia and, 
29, 31 
Maternal human chorionic gonadotropin 
(hCG), undescended testicles and 
238, 240, 243 
Maturity and radiosensitivity, 9 
Maximum permissible dose, of radiation 
exposure, 11 
Mayer-Rokitansky-Kuster- Hauser syn- 
drome, 26, 418 
Mechanical penile prostheses, 392-393 
Dura-II, 392-393 
malfunctioning of, 393 
Omniphase (Dacomed), 393 
Meconium deposits, differentiated from 
testicular torsion, 271 
Median lobe hyperplasia, see Periurethral 
gland hyperplasia, 365 
Medical Epidemiologic and Social As- 
pects of Aging (MESA) survey, 
102 
Megacystis syndrome, large bladders as- 
sociated with, 75 
Megalourethra, 344-346 
clinical presentation of, 345 
diagnosis of, 345 
embryology of, 344-345 
fusiform, 345 
management of, 345 
Melanoma, 173 
vaginal, 73, 429 
Meningitis, 10 
Menkes syndrome, 45 
Menopause, vaginal epithelium lining 
and, 414 
Mentor acuform penile prostheses, 
391 
Mentor GFS Mark II resipump penile 
prostheses, 397, 398 
Mentor malleable penile prostheses, 
391-392 
Mesalamine, 439 
Mesenchymal tumors, 50, 314 
Mesonephric duct, congenital anomalies 
resulting from improper develop- 
ment of, 191 
Mesonephric hamartomas, 193 
Metabolic insults, impaired testicular 
function caused by, 439 
Metabolic activity and radiosensitivity, 9 
Metastases 
bladder cancer, 170, 174 
prostate, 196 
of prostate carcinoma, 197 
testicular, 306-307 
routes of, 308-310 
Metastatic bone disease, 224 


Metastatic disease 
distal, 130 
regional, 130 
testicular, 325 
Michaelis-Gutmann bodies, 50 
Microcephaly, 43 
Micropenis, impotence and, 403 
Microvascular arterial bypass surgery, 
indications for, 520 
Microwave thermotherapy, as surgical 
treatment for benign prostatic hy- 
perplasia, 370-371 
MIS function, and male pseudohermaph- 
rodite, 31 
Mitrofanoff procedure, 69 
Mixed germ cell tumors, 300, 304 
Mixed gonadal dysgenesis, 303 
Monoclonal antibody test, 441 
Monophosphoester, 331 
spermatogenesis and, 331 
Motor paralytic bladder, 96 
MRI, 143; see also Optimization of mag- 
netic resonance image 
ambiguous genitalia and, 31, 34 
anteroposterior resection for rectal car- 
cinoma and, 219 
appearance of normal scrotum, 321- 
322 
assessing bladder carcinoma depth 
with, 51-52 
of benign conditions of testis, 276-278, 
280, 285 
of benign and malignant conditions of 
vagina, 413-433 
benign prostatic hyperplasia and, 182 
conclusions of testicular and scrotal, 
331 
diagnosing urethral diverticula with, 
386. 
evaluation of spine and neural struc- 
tures with, 33 
of extratesticular fluid collections, vari- 
cocele, and scrotal hernia, 330- 
331 
of extratesticular neoplasms and tu- 
mor-like conditions, 326-327 
fast dynamic, 148-149 
female pelvic evaluation with, 473 
future prospects with, 154-156 
gadolinium-enhanced, 147-152, 154- 
155 
guided biopsy, 155-156 
hematocele distinguished from hydro- 
cele with, 280 
indications for scrotal, 320 
of inflammatory conditions of testis 
and epididymis, 327-331 
inguinal hernias and, 285 
of intratesticular neoplasms, 321-324 
limitation of pelvic, 145 
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MRI (cont.) 

locating gonadal tissue with, 31 

optimizing image of urinary bladder 
with, 143-151 

pelvic organ displacement and, 66 

penile prostheses and, 390, 392-393 

of seminal vesicles, 189-190 

of spermatic cord torsion, 328 

spermatoceles and, 288 

staging prostate cancer with, 200 

staging urinary bladder carcinoma 
with, 152-154 

staging with, 152-154 

technique of scrotal and testicular ab- 
normalities, 320-326 

of testicular prostheses, 331 

of testicular trauma, 329-330 

of testis and scrotum, 320-331 


tubular estasia distinguished from neo- 


plasm with, 287 
urinary bladder carcinoma diagnosis 
with, 138-143 
vs. sonography for prostate carci- 
noma, 221 
Mucinous cyst adenomas, 474 
Mucosal plaques, 50 
Mucous plug, 470 
Mullerian duct anomalies, 470 
Mullerian duct cysts, 183-184 
causing narrowing of prostatic ure- 
thra, 368 
infertility caused by, 455 
Miullerian inhibiting factor (MIF), 238 
testicular descent and, 240 
Miullerian-inhibiting substance (MIS), 
26, 27, 29, 30 
Mullerian structures, sonography and, 
31 
Multiple sclerosis, 104 
bladder dysfunction and, 119 
Mumps orchitis, 258-258 
Mycelial masses, 60 
Mycetomas, 60 
Mycobacterium, 192 
orchitis, 328 
tuberculosis, 530 
Myelodysplasia, 100 
Myelomeningocele, 36 
Myxoma 
cardiac, 302 


cutaneous, 302 


Necrosis, 63 
Neisseria gonorrhoeae, 439 
acute epididymitis and, 253 
vaginitis and, 424 
Nelson syndrome, Leydig cell tumor 
and, 300 
Neobladder, 70 


Neoplasm 
hematocele and, 279 
involving proximal urethra in women, 
386-387 
pelvic, 66 
seminal vesicle, 193 
of testes and epididymis, 294-316 
urethral, 377 
Neoplastic conditions of undescended tes- 
tis, 245 
Neoplastic disease, differentiated from 
testicular torsion, 271 
Neovagina, 429-430 
Nerve supply, to bladder and male ure- 
thra, 354-357 
Neuroblastoma, pelvic, 73 
Neurofibroma, 424 
Neurogenic bladder dysfunction, 45 
autonomous, 88 
Banthine test for detrusor hyperre- 
flexia and, 86 
Bors ice water test and, 86 
calculogenesis and, 56 
classification of, 87-89 
denervation sensitivity test and, 86 
evaluation of patient with, 84-87 
external sphincter denervation and, 
89 
female continence mechanism, 82-83 
gas formation in bladder and, 59 
innervation of, 83-84 
laser treatment of, 498 
male continence mechanism and, 80- 
82 
motor paralytic bladder and, 89 
physiology of micturition of, 84 
reflex, 87-88 
sensory paralytic bladder and, 89 
uninhibited, 88, 93-94 
Neurogenic detrusor areflexia, 88 
Neurologic deficits, urge urinary inconti- 
nence and, 104 
Neuromuscular abnormalities, MRI 
evaluation and, 33 
Neuromuscular dysfunction, large blad- 
ders resulting from, 75 
Neuron-specific enolase, 298 
Neurovascular bundle, 226 
Nifedipine, 98 
Nitrofurantoin, infertility and, 439 
Nocardia, 254 
Nocturnal penile tumescence testing, 
512 
Nodes 
echelon, 309 
retroperitoneal, 309 
Nodular hyperplasia, see benign prostatic 
hyperplasia 
Nodular infiltrating pattern of prostate 
carcinoma, 216 
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Nodule(s) 
BHP, 232 
heterogeneous well defined, 181 
hypoechoic prostate, 181 
prostate, 177, 181-182, 197 
Non-Burkitt’s lymphoma, 306 
Nongonococcal urethritis, 543 
Non-Hodgkin’s lymphoma, 66, 159, 173, 
543 
Nonlethal effects, of acute radiation expo- 
sure, 10 
Nonopaque stones, 347 
Nonpapillary benign mesothelioma, see 
adenomatoid tumor, 315 
Nonseminomatous germ cell tumors 
(NSGCTs), 299, 300, 309, 312, 
323-324 
Noonan syndrome, 247-248 
Nuclear magnetic moments, 12-15 
Nuclear magnetic resonance (NMR), see 
Magnetic resonance imaging 
Nuclear moments, 14 
Nuclear scintigraphy 
doughnut sign of, 269 
testicular torsion evaluated with, 268- 


269, 271 


Occult and nonpalpable testicular neo- 
plasms, 308 
Ocular implants, 23 
Oligoasthenoteratospermia, 439 
Oligomenorrhea, 461 
Oligospermia, 457 
defined, 441 
Omni-Phase mechanical penile prosthe- 
ses, 393 
Omniscan, 547 
Open suprapubic prostatectomy, 372 
Optimization of magnetic resonance 
image : 
field strength and, 143 
intravenous gadolinium-containing 
contrast agents, 147-151 
oral contrast agents and, 145- 
146 
patient-related factors, 143 
pulse sequences and, 143 
sequence protocol, 151 
surface coils and, 145 
technique related factors, 143-151 
Oral contrast agents, optimization of 
magnetic resonance imaging and, 
145-146 
Orchidometers, 439 
Orchiectomy, 198, 297, 308 
liposarcoma and, 316 
simple testicular cysts and, 285 
Orchiopexy, 241-242, 246, 294 
contralateral, 273 
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Orchitis, 255-257 
complications of, 328 
leprosy and, 542 
magnetic resonance imaging and, 
327-328 
mycobacterium, 328 
suppurative, 328 
testicular cancer misdiagnosed as, 295 
tuberculous, 328, 531-532 
Oriectomy, 325 
granulosa cell tumor treatment and, 
303 
as treatment for yolk sac tumor, 298 
Ovarian cancer, recurrent cancer in va- 
gina and, 431 
Ovarian cysts, 73 
Ovarian teratomas, 474 
Overflow incontinence, 105 
Overstaging errors, 168-169 
Ovotestes, 31 
Ovulation 
assessment of in female infertility, 
463-464 
dysfunction, 505 
induction, 474-476 


Pain 
hysterosalpingography and, 468 
Painful scrotum, 262-263, 327; see also 
Testicular torsion 
Painful testicle, 263; see also Testicular 
torsion 
Pancreatic neoplasms, 295 
Papanicolaou smear, abnormal, 476 
Papavarine, 390, 403, 405, 407 
Papillary tumors, 129 
Paravaginal cysts, 419-420 
Parameter optimization of magnetic im- 
aging resonance, 21 
bandwidth of, 22 
contrast of, 21-22 
spatial resolution with, 22 
Parangi, see Yaws 
Paraplegia 
bladder diverticulum and, 47 
metastasis of prostate carcinoma and, 
197 
radiobiology of neurogenic bladder 
and, 94 
Parasympathetic nervous system, of blad- 
der, 83 
Paratesticular structures, ultrasonogra- 
phy of, for evaluating infertility, 
442 
Parkinson’s disease 
uninhibited neurogenic bladder result- 
ing from, 94 
Paru, see Yaws 
Pelvic edema, 66 


Pelvic hematoma, 115, 117 
Pelvic infection, hysterosalpingography 
and, 466, 468 
Pelvic inflammatory disease, infertility 
and, 465 
Pelvic irradiation, bladder cancer and, 
129 
Pelvic kidney, 470 
Pelvic lipomatosis, 65-66 
Pelvic mass, 71, 73 
Pelvic neoplasm, 66 
Pelvic osseous structures, 223 
Pelvic pain, 181 
inflatable penile protheses and, 395 
nonbacterial prostatitis and, 186 
seminal vesicle cysts and, 191 
Pelvic steal syndrome, 514 
Pelvic surgery, motor paralytic bladder 
and, 89 
Pelvic trauma, motor paralytic bladder 
and, 89 
Penetration, of ultrasound, 7-8 
Penile arterial anatomy, variation in, 
408 
Penile arterial insufficiency, 405 
Penile blood flow, 405 
duplex sonography to evaluate, 404- 
406, 408 
velocity, 406-407 
Penile brachial index, 403-404, 512 
Penile brachial pressure index, 514 
Penile deformity, penile prostheses caus- 
ing, 397 
Penile erection, anatomy and physiology 
of, 401-403 
Penile injuries, 122 
Penile mass, anterior urethral valves 
and, 342 
Penile plethysmography, 512 
Penile prostheses 
conclusions of, 399 
four basic types of, 391-399 
general principles of, 391-399 
inflatable, 393-399 
mechanical, 392-393 
models currently available, 391-399 
new developments in, 399 
radiology of, 390-399 
semirigid malleable rod, 391 
semirigid nonmalleable rod, 391 
Penile pulse determinations, 404 
Penile venous ligation, 390 
Penile vessels disease, 519 
Penis 
angiography of, 508-523 
arterial and venous anatomy of, 508- 
510 
minute, 247 
multiple collateral pathways within, 
508-510 


physiology of erection of, 510 
tuberculosis of, 533 
vascular anatomy of, 401-403 
venous drainage of, 401-402 
Percutaneous venoablation, 520-522 
Perineal pain 
seminal vesicle cysts and, 191 
seminal vesicle disease and, 188 
seminal vesiculitis and, 192 
Perinei muscle, posteriorly loated trans- 
versus, 33 
Perineum, watering can, 529-530 
Periodic acid-Schiff (PAS) test, semi- 
noma and, 297 
Peristalsis, 283 
Peritubal halo, tuberculosis and, 534 
Periurethral gland hyperplasia, 365, 
368 
Periurethral injections for postprostatec- 
tomy incontinence, 367 
Perivesical disease, understaging of, 169 
Perkash laser sphincterotomy, ledge 
treatment with, 366 
Peyronie’s disease, 518 
impotence and, 403 
penile prostheses and, 390 
Peyronie’s plaque, 405 
clinical evaluation of impotence and, 
512 
Phallic size, 29-30 
Pharmacoangiography, penile, 513 
Pharmacocavernosography, 515-519 
Pharmacologic maintenance erection 
flow (PMEF) method, 517 
Phase encoding gradient, 21 
Pheochromocytoma, 50, 75, 129, 159, 
173 
Photodynamic therapy, 493-494 
complications of, 494 
treatment of diffuse disease of bladder 
mucosa, 494 
treatment for transitional cell carci- 
noma of bladder, 493 
Photoelectric effect, 2 
Photons, 1, 2 
Physics 
of computed tomography, 3-4 
of magnetic resonance imaging, 12-23 
of radiation, 1-2 
of ultrasound, 5-9 
Pian, see Yaws 
Piezoelectric effect, ultrasonography 
and, 5-6 
Pituitary adenoma, large cell calcifying 
Sertoli cell tumors and, 302 
Pituitary tumor, 439 
Pituitary tumor after adrenalectomy, see 
Nelson syndrome 
Placental alkaline phosphatase (PLAP), 
298 
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Placental insufficiency, male pseudoher- 
maphrodite development and, 31 
Plaques, penile shaft, 439 
Plasma cell granuloma, 50 
Pleomorphic adenoma, vaginal, 424 
Pleural effusion, metastasis of prostate 
carcinoma and, 197 
Pneumaturia, 59 
Pneumocystography, 36 
Pneumothorax, 43 
Poliomyelitis, motor paralytic bladder 
and, 89 
Polyarteritis nodosa, 328 
Polycystic kidney disease, 191 
Polydypsia, 335 
Polyp(s) 
fibroepithelial, 424 
papillary fibrous, 48 
stromal, 424 
Polytef, 110 
Polytetrafluoroethylene, 110 
Polythelia, 294 
Polyuria, 335 
Pontine micturition center (PMC), 84 
Posterior displacement of bladder, 74 
Posterior urethral valves 
classification of, 334 
clinical diagnosis of, 334-335 
diagnosis of, 335-336 
embryology of, 334 
management of, 336-340 
megalourethra differentiated from, 
345 
prenatal diagnosis of, 334 
Postpartum dilation, infertility and, 465 
Postprostatectomy incontinence treat- 
ment options, 367-368 
Postraton, 371 
Postvoid dribbling, 343 
anterior urethral diverticula and, 343 
megalourethra and, 345 
Postvoid residual volume (PVR), 106 
Prader-Willi syndrome, 247-248 
Prazosin, 370 
Precocious sexual puberty, 438 
Pregnancy, 29 
ectopic, 465 
radiation effects during, 10 
Presacral tumors, 71-72 
Priapism, 521-523 
arterial (high flow), 522-523 
venoocclusive (low-flow), 523 
Primary genital tuberculosis, 192 
Primary valve ablation (PVA), 337 
Procardia, 98 
Processus vaginalis, 246 
ProHance, 547 
Prolactin 
impotence evaluation and level of, 512 
infertility and evaluation of, 440 


Proscar, 221, 368 
Prostaglandin E, impotence and, 390 
Prostaglandin E1, 403 
Prostate 
anatomic capsule of, 226-227 
anatomy of, 210-213 
asymmetry of, 197° 
average size by age group of, 232 
hypertrophy of median lobe, 53 
small, prostatotomy vs. prostatectomy 
for, 500 
swiss Cheese, 185 
true capsule of, 226-227 
tuberculosis of, 532 
Prostate adenocarcinoma, 213 
bladder cancer coexisting with, 130 
Prostate biopsies, 199 
as follow up to cryosurgical ablation, 
487 
Prostate calcification, 193 
Prostate carcinoma, 193, 195-203, 206- 
220, 223-248; see also Magnetic 
imaging of prostate carcinoma, 
Sonography of prostate carci- 
noma 
clinical presentation of, 196-197 
cryosurgical ablation treatment of, 479 
diagnosis of, 197 
differentiated from urethral carci- 
noma, 384 
epidemiology of, 195 
etiology of, 196 
histologic examination of lymph nodes 
to determine extension of, 234 
histological patterns of, 216 
pathology of, 196 
pelvic lipomatosis diagnosis and, 66 
screening of, 197-200 
seminal vesicle invasion of, 228 
staging of, 200-202, 479 
transcapsular extension of, 228 
treatment of, 201-203 
treatment options for, 479 
varied appearance of, 213-216 
Prostate disease, evaluation with trans- 
rectal ultrasonography, 453 
Prostate, enlarged, intravesical growth of 
differentiated from bladder calculi, 
57 
Prostate gland, enlargement, 107 
Prostate gland malignancy, 195-203 
Prostate hypertrophy, benign, 168 
Prostate-specific antigen (PSA), 197-199 
marker, 199 
prostate biopsy and abnormal, 199 
Prostatectomy, 198-201, 203, 219, 223 
complications of absence of bladder 
neck due to, 366-368 
incontinence and, 109-110, 367-368 
laser, 498-500 
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open suprapubic, 372 
transurethral after cryosurgical abla- 
tion, 487 
Prostatic abscess, 185-186 
‘anechoic masses of, 185-186 
focal hypoechoic appearance of, 185- 
186 
Prostatic apex, cryosurgical ablation 
therapy and, 481 
Prostatic calcifications, 178, 187-188 
Prostatic carcinoma, 182 
Prostatic cysts, 177, 183-186 
benign prostatic hyperplasia with, 185 
cavitary prostatitis and, 185 
congenital, 183-184 
defect from transurethral resection of 
prostate gland mistaken for, 186 
differential diagnosis of, 186 
ejaculatory duct, 185 
mullerian duct, 183-184 
prostatic abscess and, 185-186 
prostatic retention, 185 
prostatic utricle, 183-184 
Prostatic hyperplasia, 178 
Prostatic hypertrophy, 56, 253 
Prostatic infarcts, 177 
Prostatic intraepithelial neoplasia (PIN), 
220-221, 227 
Prostatic lesions, 199-200 
Prostatic stones, 177 
Prostatic utricle cysts, 183-184 
Prostatism, 181 
Prostatitis, 186-187, 193 
acute bacterial, 186 
cavitary, 185 
chronic bacterial, 186 
imaging studies and, 186-187 
nonbacterial, 186 
tuberculosis of, 533 
Prostatotomy, 498-500 
Prosthetic devices, implantable, 110-112 
Protection from radiation, 10-12 
Proteus, 96 
Fournier’s gangrene and, 258 
infection, vesical calculi in children 
and, 56 
Proteus mirabilis, 373 
Protons, 14 
Prune belly syndrome, 43, 45 
large bladders associated with, 75 
megalourethra and, 345 
posterior urethral valves associated 
with, 335 
widening of prostatic urethra and, 375 
PSA, 197, 200, 206-209, 212, 215, 218- 
221, 235 
incidence of prostate cancer and, 479 
screening protocol for adenocarcinoma 
of prostate using, 223 
PSAD, 207 
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Psammomatous calcifications, 44 
Pseudohermaphroditism 
female, 419 
male, 419 
undescended testicles and, 240 
Pseudomonas, 186 
acute epididymitis and, 253 
Pseudotumor of tunica albuginea, 
magnetic resonance imaging of, 
326 
Pseudounicornuate uterus, 536 
Pseudoureteroceles, 53 
Psoas bladder hitch, 69-70 
Psoas muscle hypertrophy, 66-67 
Psychogenic retention, 375 
Psychological problems, causing narrow- 
ing of prostatic urethra, 368 
Psychotherapy, spastic periurethral stri- 
ated sphincter syndrome causing 
stress incontinence and, 387 
Public diastasis, 42 
Puboprostatic ligaments, 226 
Pudendal arteriography, for evaluating 
ateriogenic impotence, 404, 408 
Puetz-Jaegher syndrome, 303 
large cell calcifying Sertoli cell tumor 
and, 302 
Pulmonary edema, as response to con- 
trast material, 548, 552 
Pulmonary embolization, after hystero- 
salpingography performed with 
oil based material, 546 
Pulmonary neoplasms, 295 
Pulse sequences 
gradient-recalled, 21 
inverse-recovery, 21 
magnetic resonance imaging optimiza- 
tion and, 143-144 
partial saturation, 21 
RF pulse activity, 21 
Pulse volume recordings, 512 
Pyelonephritis, 38 
Pyoceles, 279-280 
Pyocytis, 49 


Radiation 
defined, 1 
dose and fluoroscopy, 36 
electromagnetic, 1 
exposure and hysterosalpingography, 
468-469 
exposure and infertility, 439 
physics of, 1-2 
Radiation therapy 
as treatment option for prostate can- 
cer, 479 
liposarcoma and, 316 
prostate cancer and, 200-201, 203 
urethral stricture and, 203 


Radical prostatectomy, 234-235 
as treatment option for prostate can- 
cer, 479 
Radiobiology, 9-10 
effects during pregnancy, 10 
lethal effects of, 10 
long-term effects and, 10 
of neurogenic bladder, 91-98 
nonlethal effects of, 10 
protection, 10-12 
radiolysis, and, 10 
short-term effects of, 9-10 
time of exposure, 10-11 
Radiodensities, 35 
Radiofrequency energy, 17 
Radiography 
pelvic, 35 
penile protheses detection with, 392 
skeletal, 200 


vesical stone detection with, 54 


Radiologic embolization therapy, for var- 


icoceles, 448-449 


Radiolucency of pelvis, increased, 66 
Radiolucent calculi, 48 


Radiolysis, 9 

Radionuclide cystogram, detecting and 
characterizing reflux with, 38 

Radiopaque stones, 35 


Radiosensitivity, 9 


Radiotherapy treatment 

infertility and, 437-438 

planning for bladder cancer, 171-172 
Ranacidin, 60 


Rectal bleeding, 219 


Rectal carcinoma, anteroposterior resec- 


tion for, 219 


Rectal pouch, direct percutaneous punc- 


ture of, 348 


Rectal stenosis, 219 
Recto-urethral fistula, megalourethra 


and, 345 

Rectosigmoid, gas in, 57 
Rectovaginal fistulas, 421 
5a-Reductase inhibitors, 368, 370 
Reflection, of ultrasound imaging, 6-8 
Reflex bladder, 373 

neurogenic, 87-88 
Reflux, into seminal vesicles, 378 
Reinke crystals, 326 

androgenital syndrome and, 305 

Leydig cell tumors with absent, 303 
Reiter syndrome, 543 
Relaxation times of biological tissues, 19 
Renal agenesis, 191 

megalourethra and, 345 
Renal carcinoma, 66 
Renal dysgenesis, 191 
Renal ectopia, 418 
Renal failure, 91, 97 

chronic, 193 


Renal function 
limited global, laser surgery and, 494 
Repetitive pregnancy loss, 465 
Repetition time (RT), 19 
Reproductive rate, radiosensitivity and, 9 
Resolution, of ultrasound, 6-7 
Resonance absorption, 14, 15 
Respiratory disease, o1l soluble material 
usage and, 546 
Rete testes 
androcarcinoma of, 305-306 
tubular ectasia of, 285-287 
Retractile testis, see Undescended testes 
Retrograde ejaculation, 212, 438 
Retrograde urethrogram (RUG), 180, 
348 
diagnosing urethral diverticula with, 
386 
examination of male urethra with, 
360, 362 
posterior urethral valves and, 336 
Retrograde urethrography, 120-122 
dynamic, 120 
urethral duplication and, 346 
Retroperitoneal lymph node dissection 
(RPLND), 313, 315 
infertility and, 437-438 
Retroperitoneal nodal groups, 309 
RF pulses, 17-22 
Rhabdomyoma, 424 
Rhabdomyosarcoma 
bladder, 53 
invasive, 49 
paratesticular, 314-315 
pelvic, 73 
prostate, 53 
Rheumatoid arthritis, 328 
Roentgen, Wilhelm, 1 
Royal Marsden Hospital staging system 
for testicular cancer, 311 
RUG, urethral duplication evaluation 
with, 346 
Rupture, testicular, 125-126 
Ruptured appendix, 465 


Sacrum, sickle-shape, 71 
Salmonellosis, 253 
Salpingitis, infertility and, 465 
Salpingitis isthmica nodosa (SIN), 470, 
534 
fallopian tube catheterization and, 504 
Sarcoidosis orchitis, 258 
Sarcoma(s), 44, 129 
of prostate, 196 
Sarcoma botryoides, 49, 73 
Scan time, and magnetic resonance im- 
aging, 22 
Schistosoma haematobium, 539-540 
Schistosoma japonicum, 539 
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Schistosoma mansoni, 539 
Schistosomal prostatitis, elevation of 
bladder base due to, 541 
Schistosomiasis, 129, 193, 539-542 
carcinoma resulting from infection 
with, 540 
four patterns of calcification of, 540 
urethral fistulas and, 380 
Schwannoma, 424 
Scintigraphy, 328-329 
Scoliosis, 43 
Scrotal 
hematoma, 279 
hydrocele, 276-280 
Scrotal abnormalities, ultrasonography 
of, for evaluating infertility, 442 
Scrotal abscess, 282 
adrenocarcinoma of rete testis and, 
305 
Scrotal calculi, 291 
Scrotal cystocele, 70 
Scrotal edema, 273 
Scrotal hematoma, 125-127 
differentiated from testicular torsion, 
271 
Scrotal hernia 
differentiated from primary scrotal pa- 
thology, 285 
magnetic resonance imaging of, 330 
Scrotal mass, painful 
bladder hernia and, 282-283 
hematocele and, 279 
Scrotal pain, 250, 260, 291 
Fournier’s gangrene and, 258 
seminal vesiculitis and, 192 
Scrotal skin thickening, 327 
Scrotal swelling, 250, 260, 291 
Fournier’s gangrene and, 258 
Scrotal wall 
Filarial disease and thickened, 539 
thickening, tuberculous epididymitis 
associated with, 531 
Scrotoliths, 276, 291 
Scrotum 
acute, 262, 264, 266, 273 
appearance of normal, 321-322 
filarial elephantiasis, 539 
filariasis involvement in, 537 
hydatid disease of, 543 
hypoplastic, 247 
indications for magnetic resonance im- 
aging of, 320 
ipsilateral empty, 247 
lymph, 538 
magnetic resonance imaging of pain- 
ful, 267-269 
other benign conditions of, 276-291 
painful, 320, 267-269 
Secondary neoplasms of vagina, 427- 


428 


Seizures 
contrast agents and, 546-547 
as response to contrast media, 549, 
552 
Selective excitation and imaging, 20-21 
Semen analysis, 441-442, 463 
Seminal vesicle(s) 
abscess of, 192 
absent, 191 
amyloidosis of, 192 
anatomy of, 210-213 
calcification of, 193 
carcinoma of, 193 
computed tomography of, 188-192 
congenital anomalies of, 190-191 
cysts of, 191, 193 
dilation and infertility, 455 
hematospermia and, 193 
hypoplastic, 191 
imaging of, 188-190 
infertility and, 456-457 
inflammatory disorders of, 192 
intravenous urography of schistosomi- 
asis disease of, 541 
magnetic resonance imaging of, 189- 
193, 226-230 
neoplasms of, 193 
primary malignant tumors of, 193 
prostate carcinoma involvement with, 
201 
radiologic techniques for, 188-190 
stones, 193 
tuberculosis of, 192-193, 532 
ultrasonography of, 188, 191-193 
Seminal vesiculitis stenosis, 192 
Seminal vesiculography, 192 
Seminiferous tubular ectasia of rete tes- 
tis, 325-326 
Seminiferous tubules, compression of, 
304 
Seminoma, 295-297, 322-324 
arising in atrophic testis, 296 
cryptorchid testis and, 245 
Seminomatous tumors, 285, 287 
testicular microlithiasis and, 289- 
290 
Semirigid malleable rod prostheses, 
391-392 
Semirigid nonmalleable rod prostheses, 
391 
Senile amyloidosis, 192 
Sensory paralytic bladder, 89, 94 
Sepsis, inflatable penile prostheses and, 
395 | 
Serratia, 186 
Sertoli cell tumor, 300, 302-304 
large cell calcifying, 302 
Serum acid phosphatase (PAP), 200 
Serum prostate-specific antigen (PSA), 
197 
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Sex cord tumors, 300-305, 308; see also 
Nonseminatous germ cell tumors, 
Stromal tumors 

granulosa cell tumor, 303-304 
Leydig cell tumor, 300-302, 304-305, 308 
Sertoli cell tumor, 300, 302-304 

Sex differentiation disorders, 419 

Sexual precocity, adrenogenital syn- 
drome and, 304 

Shielding, from radiation exposure, 11 

in the walls, 11 

Shrapnel, 23 

Sickle-shaped sacrum, 71 

Sigmoid diverticulitis, 63 

enterovesical fistula and, 61 

Sigmoidovaginal fistulas, 421 

Signal/noise ratio, of magnetic resonance 
imaging, 21-22 

Silent prostatism, 179 

Silicone, see Macroplastique 

Simple testicular cyst, magnetic reso- 
nance imaging of, 325 

Sion procedure, evaluating tuberculosis 
of female genital tract with, 534 

Sion test, evaluating tuberculosis of fe- 
male genital tract with, 534 

Skeletal plain films, 31 

Skene’s glands, 387 

Slice select-gradient, 20-21 

Small bowel 

obstruction, inguinal hernias pre- 
sented as, 284-285 
tuberculous involvement of, 533 

Small bowel valvulae conniventes, 283 

Small capacity dysfunctional bladder, in- 
jury and, 115 

Small-vessel arterial disease, 407 

Smoking 

arteriogenic impotence and, 514 
infertility and, 462 

Somatic motor nerve supply, of bladder, 
83-84 

Sonography 

of acute epididymitis, 254-258 

assessment of internal genitalia and, 
31-32 

of scrotum, 250-252 

techniques for evaluation of impo- 
tence, 403 

transducer designs available, 206 

vesical stone detection with, 54 

Sonography of prostate carcinoma, 206- 

220 

advantages of, 221 

biopsy techniques and complications 
with, 218-221 

color Doppler, 216-218 

examination technique with, 206-209 

limitations of, 221 

power doppler technique of, 218 
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Sonohysterography, of tuberculosis, 535 
Sonourethrography, assessing extent of 
periurethrography with, 530 
Spastic bladders, 93 
Spastic periurethral striated sphincter 
syndrome, 387 
Spatial resolution, of magnetic resonance 
imaging, 21-22 
Sperm transport improvement, 476 
Spermatic artery, testicular descent and 
length of, 240 
Spermatic cord 
decreased vascularity of, 327 
enlargement, 328, 330 
length and testicular descent, 240 
twisted stalk appearance of, 271 
Spermatocele, 276, 285, 287-288 
magnetic resonance imaging of, 330 
Spermatogenesis 
Leydig cell tumor and depressed, 302 
magnetic resonance spectroscopy of, 
331 
undescended testes and, 241-242, 
245-246 
Spheroid sign, of urogenital diaphragm, 
377 
Sphincterotomy, posterior ledge of blad- 
der neck before and after, 369 
Spin-echo, formation of, 17-21 
Spin-lattice and spin-relaxation, 15-17 
Spin-warp pulse sequence, 21 
Spinal cord lesions, suprasacral, 104 
cystourethrography performed on pa- 
tients with, 97 
detrusor-external sphincter dyssyner- 
gia and, 94 
Spinal injury, pathologic ledges and, 356 
Spinal stenosis 
motor paralytic bladder and, 89 
Spironolactone, infertility and, 439 
Spleen, supernumerary, 248 
Squamous cell carcinoma, 44, 385 
anterior urethral, 383, 385 
of bladder, 129 
bladder diverticular, 46 
congenital cysts and, 184 
of prostate, 196 
of urinary bladder, 138 
Squamous metaplasia 
bladder, 549 
Staging 
accuracy of computed tomography for 
bladder carcinoma, 171-173 
accuracy of techniques, 153 
of bladder cancer, 166-173 
computed tomography and, 151 
computed tomography technique for, 
162 
Jewett-Strong system, 139 
Jewett-Strong-Marshal system of, 165 


limitation of all procedures, 154 
magnetic resonance imaging com- 
pared to computed tomography 
in, 152-154 
of prostate carcinoma, 200 
prostate carcinoma with MRI, 227- 
2308 
superiority of magnetic resonance im- 
aging in, 152 
systems, for testicular neoplasms, 311- 
312 
testicular cancer with MRI, 325 
ultrasonographic, for prostate cancer, 
479 
of urinary bladder carcinoma, 151-154 
Stamey procedure for postprostatectomy 
incontinence, 367-368 
Staphylococcus epidermidis, painful penile 
prostheses and, 397 
Staphylococcus saprophyticus, 543 
Stenosis 
atherosclerotic, 514 
common iliac artery, angioplasty and, 
519 
infundibular, laser incision of, 497 
internal iliac artery, angioplasty and, 
519 
Stents, see Urethral stents 
Steroid formation, 30 
Sting procedure, 110 
Stone formation, 91, 94 
Stones, seminal vesicle, 193 
Strangulation of inguinal hernia, differ- 
entiated from testicular torsion, 
271 
Streak gonad, 31 
Stress incontinence, spastic periurethral 
striated sphincter syndrome, 387 
Stress urinary incontinence, 100 
Strictures 
anterior urethral, 377-380 
calculi in urethral, 381 
treatment of urethral, 378 
tuberculosis and puckering fallopian 
tube, 534 
Stromal edema, 48 
Stromal hyperplasia, see Benign prostatic 
hyperplasia 
Stromal tumors, 300-305, 308, 324-325; 
see also Nonseminomatous germ 
cell tumors, Sex cord tumors 
Subacute bacterial endocarditis heart 
valve disease, 199 
Sulfasalazine, infertility and, 439 
Supernumerary nipples, 294 
Suprapubic mass, 44 
Suprapubic pain, nonbacterial prostatitis 
and, 186 
Surface coils, optimization of magnetic 
resonance imaging and, 145 
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Surgical capsule, 181 
Surgical obturator node, 233 
Surgical revascularization 
percutaneous transluminal angioplasty 
as alternative to, 520 
procedures, 520 
Swiss cheese prostate, 185 
Sympathetic nerve supply, of bladder, 83 
Syringomyelia, 89 
sensory paralytic bladder and, 94 


Tabes dorsalis, sensory paralytic bladder 
and, 89, 94 
Tachycardia, as response to contrast me- 
dia, 549 
Tamsulosin, 370 
TCC 
deep muscle invasion of, 142 
infiltrative with nodal metastases, 
141-142 
invading gluteal muscle, 149 
invasive, 150 
invasive after hysterectomy, 146 
invasive of entire bladder wall, 145 
invasive with large metastatic nodes, 
150 
multifocal, 148 
neural and perineural metastases of, 155. 
papillary superficial, 144 
of prostate, 196 
squamous degenerate, 141 
Teflon, see Polytef, Polytetrafluoroethy- 
lene 
Teratomas, 323 
pelvic, 71, 73 
Teratospermia, defined, 441 
Testicle, see also Undescended testes 
abscessed, 269 
absent, 241 
atrophic, 258, 312, 328, 403 
color Doppler sonography of prepuber- 
tal, 267 
hardened, 302 
hypoechoic, 265 
impotence and small atrophic, 403 
infarcted, 269, 271 
simple cysts of, 276, 285 
small; 271, 328 
Testicular 
atrophy, 258, 321, 328, 403 
displacement by rhabdomyosarcoma, 
315 
Testicular biopsy, tubular ecstasia and, 
285 
Testicular calcification, 307 
Testicular carcinoma, 285 
Testicular contusion, 125 
Testicular descent, 239; see also Unde- 
scended testes 
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Testicular enlargement, 295, 296 
bilateral, 304 
Testicular hypoperfusion, 256 
Testicular infarction, 256-258 
Testicular intraepithelial neoplasms 
(TINs), 294 
Testicular ischemia, 262 
Testicular lymphatic drainage, pattern 
of, 308-310 
Testicular mass, 295, 304, 307 
cysts and tubular ectasia of rete testes 
and, 286 
hyperechoic, 301 
hypoechoic, 301, 303 
swiss cheese pattern of, 303 
Sertoli cell tumor and, 302 
Testicular microlithiasis, 276, 289-290 
conditions reported with, 289-290 
magnetic resonance imaging and, 
326 . 
Testicular neoplasms 
adrenocarcinoma of rete testis, 305- 
306 
carcinoid of testis, 305 
choriocarcinoma, 298-301 
classification of, 295-297 
clinical features of, 295 
embryonal cell carcinoma, 297-301 
endodermal sinus tumor, 298-301 
epidermoid cyst, 307-308 
gonadoblastoma, 304-305 
incidence of, 294 
leukemia, 306 
lymphoma, 306 
metastases, 306-307 
mixed germ cell tumors, 300, 304 
occult and nonpalpable testicular neo- 
plasms, 308 
routes of metastatic spread, 308-310 
Sertoli cell tumor, 302 
sex cord tumors, 300-303 
staging systems for, 311-312 
stromal tumors, 300-303 
teratoma, 299 
testicular tumors of adrenogenital syn- 
drome, 304-305 
tumor markers for, 294-295 
yolk sac tumor, 295, 298-301 
Testicular rupture, 125, 330 
Testicular teratoma, 299 
three histologic subtypes of, 299 
Testicular torsion, 124, 262-274: see also 
Intrauterine spermatic cord tor- 
sion of newborn, Torsion of ap- 
pendix, Torsion of epididymis 
clinical presentation of, 263 
color Doppler sonography of, 262, 
264-268 
etiology of, 262 
hematocele and, 279 


magnetic resonance imaging of, 267- 
269 
management of, 264 
nuclear scanning of, 268-269 
progression of, 266 
testicular cancer misdiagnosed as, 295 
torsion knot with, 267-267 
Testicular trauma, 124-127 
findings and management of, 125 
imaging modalities for, 124-125 
magnetic resonance imaging of, 329- 
330 
Testicular tumor markers, 294-295 
Testicular tumors, 124 
Testis 
atrophic, 295, 440 
biopsy of contralateral, 294 
dysgenic, 31 
enlarged, 327 
other benign conditions of, 276-291 
tuberculosis of, 531-532 
ultrasonography of, for evaluating in- 
fertility, 442 
undescended, 33, 294 
Testis determining factor (TDF), 26 
Testis; see also Inflammatory conditions 
of epididymis and testis 
anatomy of, 250-251 
Testosterone, 30 
deficient biosynthesis of, 31 
depression of with Leydig cell tumor, 
301-302 
impotence evaluation and plasma level 
of, 512 
infertility and evaluation of, 440-441 
undescended testes and, 238, 240, 242 
Tetrazosin, 370 
Theca tumors of testes, 324 
Time, of radiation exposure, 10-11 
Titan expandable stent, 370 
TNM classification system, 138-139, 
165, 201 
for staging prostate carcinoma, 201 
for staging testicular cancer, 311-312 
Tobacco, infertility and, 439 
Torsion 
appendicular, 273-274 
of epididymis, 273-274 
extravaginal, 271, 328 
intravaginal, 328 
scrotal, 320 
spermatic cord, 327, 329 
spermatocele, 273 
testicular, 327 
of testicular appendix, 329 
undescended testes and, 247 
Tortuous external iliac vessels, 161 
Toxoplasma gondii, 254 
Trabeculation, 88, 94 
Tranilast, 50 
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Transition cell carcinoma (TCC), 44 
bladder, 50-51, 129-135 
diverticular, 46 
exophytic tumor of, 51 
laser therapy treatment for, 493 
photodynamic therapy for, 493 
stipple sign of, 50 
causing narrowing of prostate urethra, 
368 
follow up care for invasive, 135 
follow up care for superficial bladder, 
134-135 
posterior urethral, 383 
proximal urethral, 386 
treatment of superficial bladder, 131- 
132 
of urinary bladder, 138-139 
Transperitoneal radioactive seed implan- 
tation, 235 
Transrectal ultrasonography (TRUS), 
198 
infertile male evaluation with, 453- 
458 
infertile male indications for, 456 
prostate disease evaluation with, 453 
replacing vasography for evaluating 
ejaculatory duct pathology, 455 
Transurethral incision of prostate 
(TUIP), 372; see also Prostateto- 
tomy 
Transurethral needle ablation of prostate 
(TUNA), with radiofrequency hy- 
perthermia, 371 
Transurethral prostatectomies (TYRPs), 
107, 487 
Transurethral resection (TUR), 129- 
133, 140, 151, 153, 212 
treatment for bladder cancer by, 164 
Transvaginal sonography, 534 
diagnosing urethral diverticula with, 
386 
Trauma; see also Bladder trauma, Ure- 
thral trauma, Testicular trauma 
adenocarcinoma of rete testis and, 305 
of lower genitourinary tract, 115-127 
pelvic, 65 
penile prosthesis and, 390 
simple testicular cysts and, 285 
testicular, 329-330 
tubular ectasia of rete testes and, 285 
Treatment, of prostate carcinoma, 201 
Treponema pertenue, 543 
Triad syndrome, 43 
Trichomonas vaginalis, 424, 543 
vaginitis and, 424 
Trilobar enlargement, 368 
True capsule of prostate, 226-227 
True hermaphroditism, 31, 33, 419 
True retention of testes, see Undescended 
testes 
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TRUS, 181-182, 186, 187-188, 192- 
193, 206-208, 213, 215-216, 
220-221 

assessing shape of prostate with, 481 

incidence of prostate cancer and, 479 
Tuberculosis 

epidemiology of, 527-535 

female genital tract, 533-535 

genitourinary spread of, 253 

imaging lower urinary tract, 528-530 

infertility and, 438 

male genital tract, 539-533 

pathogenesis, 527-528 

small bladder capacity and, 74-75 

testicular involvement of, 328 

urethral, 529-530 

urethral fistula and, 380 

watering can urethra due to, 383 

Tuberculosis schistosomiasis, 57 

Tuberculous orchitis, 328 

Tuberculous seminal vesiculitis, 192-193 

Tuberous sclerosis, large cell calcifying 
Sertoli cell tumors and, 302 

Tubular ectasia, of rete testis, 276, 285- 
287 

Tumor marker(s), 199-200, 308 

AFP, 294-295 

hCG, 294 

prostate-specific antigen as, 199 

serum acid phosphatase as, 200 

testicular, 294-295 

testicular microlithiasis and, 290 
Tumor necrosis of testes, 305 
Tumor(s) 

adenomastoid, 314 

mesenchymal, 314 

papillary, 129 

sessile, 129 

of spermatic cord and papatesticular 

tissues, 314-316 

Tunica albuginea cyst, magnetic reso- 
nance imaging of, 326-327 

Tunica vaginalis, 246 

Turner syndrome, 31, 419 

male, 247-248 
TURP, 185-186, 197, 199, 201, 215, 228 
benign prostatic hyperplasia treatment 
with, 370-372 
defect mistaken for prostatic cysts, 186 
vs. laser treatment for bladder outlet 
obstruction, 499 
Type 111 stress incontinence, 100 


UICC, 151 
Ultrasonography, 36; see also Transrectal 
ultrasonography 
acoustic intensity and, 6 


of benign conditions of testis, 276-277, 
280 


benign prostatic hyperplasia and, 180- 
182 
bladder imaging and, 40-41 
bladder rupture and, 116 
conventional transabdominal, 180-181 
cysts of rete testes and, 286 
Doppler, 8-9 
of epididymis, for fertility evaluation, 
444-445 
for evaluation of impotence, 401-410 
fallopian tube evaluation with, 471- 
473 
frequency effects and, 7 
hematocele and, 280 
inguinal hernias and, 282 
male infertility and testicular, 442 
of male urethra, 360-362 
of neoplasms of testes and epididymis, 
294-316 
of paratesticular structures, 442-445 
penetration of, 7-8 
piezoelectric effect and, 5-6 
pitfalls for evaluating vasculogenic im- 
potence with, 410 
reflection and, 6-8 
resolution and, 6-7 
of retroperitoneum, 313 
schistosomiasis monitoring with, 541- 
542 
scrotal abnormalities evaluated by, 
442-452 
of seminal vesicles, 188-189 
spermatoceles and, 288 
testicular microlithiasis monitoring 
with, 290 
testicular torsion evaluated with, 268- 
269 
testicular varicoceles diagnosis with, 
448 
uterine evaluation with, 471-473 
of tuberculous bladder, 529 
of undescended testes, 242-243, 247 
of varicoceles, 442-444 
Ultrasound, surgical treatment for be- 
nign prostatic hyperplasia with 
high intensity focused, 371-372 
Umbilicus discharge, 44 
Understaging errors, 169 
Undervirilization of the male fetus, 30- 
31, 33 
Undescended testes, 29, 238-248, 294, 
296, 299 
adenocarcinoma of rete testis and, 
305 
classification of, 240-241 
computed tomography of, 244 
development of malignancy in, 245- 
247 
diagnosis of, 242 
embryology of, 238-240 


embryonal cell carcinoma and, 245 
etiology of, 240 
hernia and, 246-247 
hypospadias and, 349 
incidence of, 241 
infertility and, 241-242, 245-246 
laparoscopy of, 244 
location of, 241 
magnetic resonance imaging of, 242- 
244 
megalourethra and, 345 
neoplastic conditions of, 245 
other anomalies, 247-248 
posterior urethral valves associated 
with, 335 
potential complications of, 245-247 
spermatogenesis in, 241-242 
torsion and, 247 
ultrasonography of, 242-243 
Undifferentiated malignant teratoma, 
297 
Uninhibited neurogenic bladder, 88, 93- 
94 
resulting from central nervous system 
lesions, 94 
Union International Contre le Cancer 
(UICC), 138 
Upper respiratory tract infection, infertil- 
ity and, 438 
Upper urinary tract tumors, laser treat- 
ment of, 494 
Upward displacement of bladder, 71-72 
Urachal carcinomas, 43, 44 
Urachus, persistent, 43-44 
Ureaplasma urealyticum, 543 
Ureteral duplication, 54 
Ureteral obstruction, 94 
Ureteral tortuosity, 179 
Ureter, ectopi, 192 
Ureteral 
atrophy, 191 
duplication, 191 
lengthening, 69-70 
obstruction, 203 
Ureteric bud, developmental failure of, 
191 
Ureteroceles, 52-54 
adult type, 52 
air in bladder, 57-61 
bladder calculi and, 54-57 
bladder wall calcification and, 54-57 
cobra-head configuration of, 52-54 
ectopic, 52-54 
enterovesical fistula, 61-63 
gas in bladder, 57-61 
orthotopic, 52 
simple, 52 
sonographic differential diagnosis of 
ectopic, 53 
spring onion of, 52 


575 


576 


Ureteroceles (cont. ) 
ureteroceles and, 52-54 
urethral polyps differentiated from, 
347 
vesicovaginal fistula, 63-65 
Ureteroenteric strictures, laser incision 
for, 497, 499 
Ureteropelvic junction obstruction, 
349 
Ureterosigmoidostomy (U-SIG), 42 
Ureterovesical junction (UVJ), 38 
Ureters 
congenital anomalies of, 191 
fish hooking of, 58 
large hypotonic tortuous, 43 
medial deviation of pelvic, 66 
Urethra 
abnormal male, 362-386 
abnormalities of anterior, 377-386 
abnormalities of posterior, 368- 
377 
acquired nontraumatic lesions of, 
352-387 
anatomy of male anterior, 354 
anatomy of normal male, 352-356 
anatomy of posterior male, 352-354 
anterior valves of, 340-344 
carcinoma, 383-384 
congenital anomalies of, 333-349 
congenital saccular diverticulum of an- 
terior, 342 
duplication of, 346-348 
embryogenesis of, 333 
examination of male, 356-362 
female, 386-387 
filling defects in posterior, 377 
intravenous urography of schistosomi- 
asis disease of, 541 
model of prostatic, 354 
muscles surrounding male, 354 
narrowing of prostatic, 368-375 
neural control of, 354-357 
normal male, 352-362 
polyps of male, 347 
posterior valves of, 334-340 
watering can, 380, 382-383 
widening of prostatic, 375-376 
Urethral 
bleeding after cryosurgical ablation, 
487 
discharge after cryosurgical ablation, 
487 
sloughing after cryosurgical ablation, 
487 
Urethral agenesis, megalourethra differ- 
entiated from, 345 
Urethral diverticula 
in girls, 342 
megalourethra differentiated from, 
345 


Urethral duplication, 346-348 
classification of, 346 
clinical presentation of, 346 
diagnosis of, 346-347 
embryology of, 346 
management of, 347 
Urethral hypermobility, 104 
Urethral injuries, 203 
complications from, 124 
female, 124 
posterior, 122-124 
Urethral obstruction, 203 
male congenital, 342 
Urethral polyps, 347-348 
clinical presentation, 347 
diagnosis of, 347 
embryology of, 347 
management of, 347-348 
Urethral stents, 378 
as surgical treatment for benign pros- 
tatic hyperplasia, 370 
Urethral stones, two types of, 385-386 
Urethral stricture disease, 107 
Urethral strictures, 253 
complication to radiation therapy or 
prostatectomy, 203 
infertility and, 438 
laser incision of, 495 
Urethral syndrome, 387 
Urethral trauma, 119-124 
findings and management of, 120-124 
imaging modalities for, 120-122 
Urethral tumors, laser surgery for, 492- 
494 
Urethrectomy 
multifocal bladder carcinoma in situ 
and, 132-133 
tumor in prostatic urethra and, 132 
Urethritis, 529 
polypoid, 379 
Urethroperineal fistula, 346 
Urethroplasty, 342 
Urethrorectal fistula 
cryosurgical ablation and, 487 
development after cryosurgical abla- 
tion, 487 
megalourethra differentiated from, 
345 
Urge urinary incontinence, 104-105 
Urinary ascites, 335 
Urinary bladder carcinoma 
epidemiology of, 138 
future imaging prospects of, 154-156 
magnetic resonance imaging of, 138- 
156 
staging of, 151-154 
Urinary calculi, 291 
Urinary diversion, 203 
bladder cancer and, 133 
posterior urethral valves and, 338 
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Urinary incontinence, 64, 72, 99-104, 
108-113 
Urinary infections, recurrent, 74 
Urinary retention, 342 
Urinary stasis, 56, 96 
calculogenesis and, 57 
Urinary stone disease, neurogenic blad- 
der dysfunction and, 96 
Urinary tract calculi, 193 
Urinary tract infection, 94 
acute epididymitis and, 252 
anterior urethral diverticula and, 343 
anterior urethral valves and, 342 
bladder cancer and, 164 
chronic bacterial prostatitis and, 186 
gas in bladder and, 59 
inflatable penile prostheses and, 395 
prostate carcinoma and, 197 
seminal vesicle abscesses and, 192 
seminal vesicle disease and, 188 
sensory paralytic bladder and, 89 
terminology standardization of, 100 
unstable bladder causing, 93 
Urinary tract disease, 191 
Urinary tract obstruction, anterior ure- 
thral valves and, 340 
Urinary tract seeding, 192 
Urination frequency, prostate carcinoma 
and, 197 
Urine cytology, bladder tumor diagnos- 
ing with, 130 
Urinomas, bilateral, 66 
Urodynamic studies, 91-93 
examination of male urethra using, 
356-358 
Urogenital sinus, three distinguishable 
sections of, 333 
Urogenital tract, anomalies of, see Ure- 
thra, congenital anomalies of 
Urogram, deformity of, 178 
Urography, 35, 47 
seminal vesicle cysts and, 191 
vesical stone detection with, 54 
Urolume self-expanding stent, 370 
Urosepsis, 335, 337, 343 
US, scrotal imaging with, 124, 126 
Uterine 
bleeding, 465 
cavity, assessment of in female infertil- 
ity, 465-473 
fibroids, 73, 473 
heterogeneous mass, 473 
hypoechoic mass, 473 
leiomyomas, 73 
mass, 74, 473 
pathology, displayed by hysterosalpin- 
gography, 469-470 
Uterus 
anteflexion, 469 
diethylstilbestrol, 535 
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hypoplastic, 469 
pseudounicornuate, 536 
retroflexion, 469 
T-shaped, 535, 536 
Utricular cysts, infertility caused by, 
455 


Vagina 
air in, 423, 431 
benign conditions of vagina, 417-425 
computed tomography and magnetic 
resonance imaging of malignant 
conditions of, 413-433 
computed tomography of normal, 
414-415 
magnetic resonance imaging of nor- 
mal, 415-417 
malignant conditions of, 425-429 
miscellaneous primary malignant neo- 
plasms of, 429 
normal anatomy, histology, and em- 
bryology of, 413-414 
postradiation changes, 431-433 
postsurgical changes, 429-431 
secondary neoplasms of, 426-428 
Vaginal agenesis, 418 
Vaginal cuff neoplastic recurrences, 430 
magnetic resonance imaging guided 
treatment planning for, 432 
Vaginal repair, vesicovaginal fistula for- 
mation and, 63 
Vaginitis, 424 
Vaginography 
for demonstrating enterovaginal fistu- 
las, 421 
vesicovaginal fistula diagnosis with, 65 
Valproic acid, infertility and, 439 
Valvular prosthesis, 199 
Varicocele(s) 
bilateral, 440 
diagnosis of testicular with venography 
of internal spermatic vein, 448- 
452 
embolization agents, 445 
five types of, 449 
left-side, 448-450 
magnetic resonance imaging of, 330- 
331 
male infertility and, 442-444 
postembolization recurrent, 450-451 
recurring after surgical ligation, 448, 
450-451 
right-side, 491-452 
scrotal, 320, 440 
technique for palpating, 440 
Vas deferens 
anomalies of associated with unde- 
scended testes, 242, 245-246 
ipsilateral, 31 


occlusion, 188 
tuberculosis of, 533 
tubular ectasia and, 285 
Vasal ampulla, transrectal ultrasonogra- 
phy delineation of, 457 
Vasal diverticula, 192 
Vasal obstruction 
infertility and, 438 
inguinal, 457 
pelvic, 457 
Vascular congestion, 48 
Vascular disease, associated with impo- 
tence, 403 
Vascular injuries, 126-127 
Vascular invasion of testes, 305 
Vascular masses, 50 
Vascular patterns, recurring varicoceles 
and, 448 
Vasculitis, 10 
magnetic resonance imaging of, 
328 
Vasculogenic dysfunction, 390 
Vasectomy 
spermatoceles in, 288 
tubular ecstasia and, 285 
Vasoactive drugs, impotence and intra- 
cavernosal injections of, 390 
Vasodilators, impotence and, 403, 405, 
407 
Vasography, 455 
male infertility diagnosis with, 457- 
458 
Vasoseminal vesiculography (VSV), 
188-189, 192 
Vasovagal reactions, as response to con- 
trast agents, 546-547, 549 
Vasovesiculography, 192 
VCUG, 334-335, 341-347, 349, 374 
bladder neck pathology and, 352- 
353 
carcinoma spread by, 384 
diagnosing urethral diverticula with, 
386 
diagnosis of diverticula with, 380 
examination of male urethra and, 356, 
358-360 
narrow bladder neck and, 362-367 
Venereal disease, infertility and, 438 
Venereal warts, see Condylomata acumi- 
nata 
Venography of internal spermatic vein 
(ISV), 445-452; see also Varico- 
cele 
anatomy, 448 
left renal vein, 446-447 
postprocedure protocol for, 447- 
448 
procedure for, 445 
right renal vein, 447 
technique for, 445 


Venoocclusive dysfunction, 402-403, 
517-518 
Venous collaterals, in lower abdominal 
wall, 66 
Venous disease, penile arteriography 
and, 512 
Venous leak syndrome, 523 
Venous leakage 
causing impotence, 402-403 
impotence and, 403, 409 
Vesical diverticula, bladder, 541 
Vesical stones, 54-57 
Jack-stone configuration, 55, 56 
Vesicovaginal fistulas, 421-422 
Vesicopsoas hitch, 69-70 
Vesicostomy, cutaneous, 66 
Vesicoureteral reflux, 338, 343, 349 
megalourethra and, 345 
Vesicoureteral reflux and dysplasia 
(VURD), 336 
Vesicoureteric reflux (VUR), 38-39, 88, 
91, 93, 94, 541 
Vesicourethral anastomosis, hypoechoic 
mass surrounding, 367, 370 
Vesicovaginal fistula, 63-65 
Vesiostomy, 338 
Vesiculitis, 193 
Video images, 2 
Vimentin, 298 
Viral orchitis, 258-260 
Virilization 
androgenital syndrome and, 304 
of the female fetus, 30 
Visual laser ablation of prostate (VLAP), 
372 
Voiding 
central control of, 356 
irritational, after cryosurgical abla- 
tion, 487 
after laser coagulation prostatectomy, 
499 
normal, 357 
Voiding cystourethrogram (VCUG), 91- 
93, 120, 180, 192, 253, 348; see 
also Cystography 
detecting and characterizing reflux 
with, 38 
indications for, 36 
technique, 36-37 
urethral duplication and, 346 
Voiding dysfunction, 44, 99-113; see 
also Female incontinence, 
Incontinence, Male voiding dys- 
function 
anterior urethral valves and, 340 
benign prostatic hyperplasia causing, 
368 
female, 99-107 
irritational, after cryosurgical abla- 
tion, 487 
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978 


Voiding dysfunction (cont. ) 
after laser coagulation prostatectomy, 
499 
prostatic abscess and, 185-186 
urethral polyps and, 347 
Von Hippel-Lindau disease, 285 
VUR, 75 


Wegener’s granulomatosis, 328 

Weight loss, metastasis of prostate carci- 
noma and, 197 

White blood cell count, testicular torsion 


and, 263 


Whitmore-Jewett system for staging, 201 


prostate carcinoma and, 201 
Williams syndrome, 45 
Wilm’s tumor, 31, 304 
Window 
bone, 5 
control, 4-5 
lung, 5 
Wolffian duct cysts, 419 
World Health Organization, 300 
testicular teratoma classification de- 
scription of, 299 
Wuchereria bancrofti, 536 
Wuchererian filariasis, 537 


X-rays 


control of, 1-2 

damage resulting from, 9 
fan shaped beam, 4 
image formation, 2 
interactions, 2 
production of, 1 

tube, 4 


Yaws, 543 

Yolk sac tumor, 295, 298- 
301 

Young syndrome, 438 


